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GENERAL VI. OF THE GREENHOUSE, ·CROP OF 1912-13. 
POT FYFERrll1;);TTATIOl': ',T:\SUR CKEMICAL ANALYSTS AS An IN-
DICATOR OF THE F~StO:TSE OF SOILS TO F"ERTILIZERS. 
UTTRODUCT IO}! . 
The r"'" 2~p,n t study is based upon data secured 
during thp years 1912 1 1913 ~nd 19J4 in the soils 
l abor:=ttory and in the plant 'louses of the Great North-
ern Rail "1"1:)" a.t St. Paul. Ad e9.Tly a~ 1908 t 11..1.8 company 
\lIas cor.t.ributing to the support of some t'~el1ty-five 
demonstrat j0n farms in -,~ontanq whiclJ Vli€Je conducted 
under t:1.e dirgction of the HO'1tam~ AQ'ric 1.lltural ExJ:er-
imer.t St':ttion. While tllis station secured many VFtl-
uable experimental data the purpose of tile farms V{pts 
to demonstrA t.e that b:" the us e of a c lean summer-fallow 
good crops of gr'1in could be proriuced €"rt=:ry alternate 
year at a rr0f' it Of1 part cf ~:10 "'e land s in !fLen tana, 
",11ic11 , up to thE! t. time, !JEtel se:cerally be~~.1 consid ered 
fit for only pastorpl purpoees. 
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11TTRODUQ.T IOl: . 
Th L .... C. en t study i l:) "a~ed upon data secured 
during the year6 1912 1 1913 ~nd 1_) in the 30113 
1 bor tcry and in t1rJ.e pI nt hOll ees of the Great Uorth-
err. R.l.l "" at St . Paul. A'" e::l.rly B 1908 L_' ~o1!1pany 
5 ccn rio'.lting to "'le Sl,~ por of some t'~elty - five 
demonstr ... -: (\n f nne in .[ n an~ hic'~ e:re C o'fJ.duc ed 
under ... e di re t10n of the . 'on tarla A r e 1 1 tur' Exper-1... 
iment tat'on . nile t:lis station secured many vnl-
u ole xperiment data the purpose of t. e :'arms 'ir~s 
to de onstr t.e tht:1.t b" the u e 0 a cle n summer-f' 110 " 
good crops 0 .... - ain could be rooi'.lcea e'TP a err.ate 
1 rrl G in 'f n tana , 
1icil , up to hat. i)"'e. hac. ge. e 11 consider d 
T~e~e demonstr~tion rarITe proved a great success . 
but later the l"lanar;;ement of the rai11.l'faY decided that a 
greater dif fusion of 'knowledqe among the settlers cot.ld 
be A~cured b~T replaci ng the demon etra ti I"'ln f,'irms by a 
'lery m'Jch lr-trger r.um'Jer of smftller a-re:::ts. so-called 
demonstl'':ttion fields. TheGe II e:re carried on by the 
rail',¥E:i)" independ ent ly. tte wor k be ing plac ed in charge 
of Profeosor T1 ... (;:11.:I.S Shaw,a late Professor of Animal 
Husbamry at the UniiTersity of Minnesota . This per-
mi tted the work to 'be carried au t in a~,J the oth(~r 
stul..es in which the lines of' the railw:;;-T pa,;,ecl tbr ough 
uJ.':T-farming lands Ct~ ',~rell ao in Montana. This also 
proving a success an additional line of work was under-
taken in 1912. The lat ter was intended not for the new 
settlers of the semi-arj d regions who 'Nere to be slJov,n 
'lOll, b.\;· :rr.€.t'"1') s of proper tillage and croppir,g. they 
cCllld make a Sllccess of f9.rming their virgin soils , 
aT . Shaw, DDT Farl"ling - The Pioneer Co . - 1911. 
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bllt for the farmers in the older settled d.; stricts in 
!Jo rth Dal 0 t a and ].a~ neBO tn, who t while doing very well , 
were not obtai ning :viel ds of grnin tl1a t were c onsid 8red 
r~'''' ll:v credi table. 
"The fl1rrn~re of Germany, DennEt!'1: t Frar ce t England and 
other Eu.rol--ean co untries, have n ade use of the discover-
ies of Liebig of GermF.l.ny and Lawes and Gilbert of Eng -
land, and as a resul t they are averaging over 3.Jbushels 
of ·whe9.t per acre on land that originally was not 60 
good 36 ours. While these foreign countries are devel-
oping under economic conditions different from ours, 
yet, the American farIrer can well make use of the b"tsic 
dgricul t ural prinCipals upon which the ir agriculture 
has been builded~ 
While on the dry Ja!ld the farmer had to be sno'fln the 
irnportanc e as 'l!~11 .1.S th e be oJ t rne!'ln s of inc rea sing the 
mo is t ure suppl ' .r, a qne sti on of t illac:e only, in Uinne-
sot 9. and !:Tor th Dakota he WCiS to be s1:own hov7 his crop 
:'iel:is might be increased, both by improving the till-
age and by incr-eftsing the supply o~ nutrient8 for the 
~roy-, .l')lants. It was as'1umed thet if the farII'er saw, 
produced in fields on his own land, crops much superior 
to those secured upon the rest of his farm he Vw'ou Id not 
a . F.R . Crane , ~_tter F~r~ing for the Nort~westtP.1-1913. 
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be content with hjs present :'"rjelds,but would endeavor 
to incre n. G3 there b: ' every means tret seemed to assurE. 
a profi t, wh ether by an inc rease in the amount of his 
li7e stock, by a!1 increase in the acreage devoted to 
leg'lminous crop s or by the use of c ommerc i8.l fertil-
izers. 
This new line of work was placed in charge of 
Profe~sor F. R. Cr~ne, who, in the spring of 1912, 
organi zed a corps of field workers to care for the 
emonstration plots on egch of 151 selectBd farrrs iYl 
" ~inne ~o ta "tnd Nor th Dakota. 
"Raeh tr .... c t vIas supplie d, a s nearl~r as co uld be £tac er-
tained \".j th t:1e el ements of ferti li 1;:1 required to en-
able it to gro .. v a good crop. Only tested seed was used, 
"lnd the gound was cul ti vated pr operly. lib. 
As fertilizer experiments on an;r cnnsiderable scale 
had not :"et been inaugura .... ed b:v the Univerl:5ity of 
'M.ir:nesota. or b:v the North Dal:-ota Fxperiment Station it 
\\a~'. decided to inst~ll a chemicH: laboratory for the 
analysiS of sarr.pIt=; 8 of soi from demonstrati on fields 
b. F.R. C~ane, Better Farming for the Northwest, p.2. 
and to utili ze the extensi-.re prj1rate greenhouses of Mr. 
J . J. Hill for pot experiments with different ferti l -
izera . There were secured, during the autumn of 191~, 
samples of 60il for chemical analYsis and for pot ex-
perrriments from eFtch of the five-acre tracts to be 
used for riemonstration purposes during tnesea90n of 
1913. l.!r. J. O. Uore was -placed in charge of the work 
sta rted in the l:1boratory and the plant hou ses in the 
autumn of 1912, being joined by the writer at the f i r st 
of Df::!cember. Tbe forILer removed to the University of 
isconsin at the end of March. J 0 1'3, since wl1ich time 
the latter haf::\ been in full charge of tI]e work'. As he 
has had nothing to do wi t}; the demonstration plots the 
data from t~1e sea are not deal t wi th in the present 
study. 
During the , SU~Ter of 1£13 the writer began a 
comparison of the f~~tilize~ needs of the different 
a. P !{.Cra:le. ~ett5r Farming for the Northwest , G. U . 
Raihll:\Y , St . Paul . 1 913 • 
. F.R.Crane, How to Hake the Fann uq,y, G. N. Railway , 
St. Paul, 1915 . 
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floils a .J indicat.ed by the pot experiments , with those 
th"lt might be infer!'ec. from the chemica] 3.nalys8s. 
Later, at the su~estion of Professor Crane , he con-
sul ted Professor Alway for aS3ist~nce ano. arranged to 
have a cr i ti c III analy sis of t!le data of the two season's 
""or~ r rl'J;:er.ted as a theois for t.he :A:aster's degree. The 
question to be answered by the study of the data was not 
v, ~ etl1er it i 5 POf:; bi '01 e, 't':>r nJeans of cb emi '~al analysis I 
by :pot eXI eriments, or by the two toeSethe r J to predic t 
the response to di!'ferent fert. ilizers applie d to the 
same soils under field condi tions but 12. what. ext§D1 is 
.+,he ~Po?s~ inoic Cited by pot ~xperir1~t s ..?E: ~EZ yartic-
~,;t.~!. 80il or co]J ection of ~oils 2-! accord lith that 
jYldicated k the chern.ical anal;yse~. Fur-l:l1er it should 
be emphasized that nei ther the anal~r tical !'lOr the ·pl , ..... "'1-: -
hou~>e "lark \' a~ stp-rted with the purpolie in viev; of 6e-
curj ng dat a for t.he pT('sent study . Circur'st~ncef; , 'how-
e.."er, having J'!9.0e these data hvaiJable, they h'l1re been 
(,ubjectecl to a critical anal~rsjs. )!.any ch;"lnge.., in the 
8 
method of procedure i0uld m.ve beer! desirabJ.e if the 
y~ork had been plcmned to fox,:, a basis for tlJis study. 
bu t und er the circuIDstanc f-;S every ot her co nsid erati 0n 
nEl.d to give v.a:r to ra,pidit:' of execution. Tbus. in 
ord p. l' to permit .205 surface soils and a corresponding 
nm-ter of subsoils to be analyzed,and the sarre nurrber 
to be subjected to pot tecte and a report to be pre-
pared on the work .... vithir. the sp,~ce of six menths. it 
was necer;se.:ry to omit nlan~r r1icetieB of procedure. 
ewpecially in regard to the pet work. 
The writer assumes the en tire responsi bili ty for 
the accuracy of the c:lemical ar.al:y aes and the reliabili t.y 
of the otlltr data reported. .:b'or assistance in lab0rf:.tory 
c.u:d greenhou se VlO rk 11 e 'lcknowledges the 1.vorlc of Vi . E . 
Kruger and H. L . newcomb, and wi she B to expresl;;) his in-
debtedness to Prof. F . R. Crane for bis assil:3tance and 
to Prof. F. J. Alway for he lpful su ggestioY's in the 
analysis of the data . 
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HISTORICAL. 
A careful search through the literature of 
the last twenty years reveals the fact that there are 
almost no data extant which bear upon the problem in 
question. It must be understood definitely that the 
problem is the relation between the chemical analysiS 
------ . ---
of the soil and its response t~ fertilize~D as indi-
. - -- .. -._- - ----------
cated by pot cultures. There is a considerable amount 
o.c literature bearin~ on the reoponse of sotls to fer-
tilizers in field teats, but t~ey are not necesoarily 
gerrua:-:n to the sub ject. Lyon of tl e Cornell Agricul--
tural Experiment Station, Hopkins of tIe Illinois 
Station, Whitson of the isconsin Station and Kastle 
and Shedd of the Kentucky Station have all investi-
gated the subject in question, but as yet none of them 
have published the results of their experiments . 
The only per which I have found bearing 
directly upon t~e subject matters of this thesia is a 
ahort note by Professor Fra s of the work in progress 
a the Texas Agricultural Experiment Station. 
----------------------------------------_ .. 
9-B 
1 
His met~od of the determination of Phosphorus differs 
from that em loyed in this work in that he estimated 
only that ortion of the phosphoric aci.d which was sol-
uble in N/5 Nitric A cid , while the analysis on which 
this Thesis is based \vere t':10S6 of total phosphoric acid . 
However, it seen.S probable that there is a more or less 
constant relationship between the total phosphoric acid 
content of tOle ooil and that portion soluble in N/5 
nitric aCid , so ~hat the results are roughly comparable . 
The deterruination of nitrogen was the same in both in-
stances . 
In brief the results are as follows : 
"1 . "The average of a large number of ot ex-
periments at the Texao Experiment Station shows that the 
active phoap~lOric acid , the active potash and. the total 
nitrogen are directly related te· t e soil defiCiencies 
: Frups, O. S . The Relation of Chemical Com osi.tion 
to Soil Fertility . Journal of the 
American Society of Agronomy , VII 33-36 
1915 . 
9-0 
brought out by the plants' gro~th. " 
2 . "This method (pot culture) is the best one 
we have at resent for studying the relative deficiencies 
of soil by chemical methods and should serve as a basis 
for further work from whi.ch to 'ira~v more definite con'" 
C1u3ions . " 
THE DATA AVAII.API,F AIm THE ROOPE OF TlB.E 
HTVESTI GAT ION , 
In the 'Hinter of 1£l12-13 soils from over one 
nUl"ldred plot s y.;eTe an aly'z ed, determinutj ons of total 
nitrogen ar.d total yhospl1oru.s being wade. Each 60il 
V,C;.f:; subjected to a pot test, using either oats, barley 
(Photo Uo. 
1. Blank 
2. }T. 
3. P. 
4. K. 
5. ~.P.K. 
6. IT.P, 
r.) E~eh set consibted of six pots, viz: 
no f<=:rt'lizer. 
SodiU1r1 nitrate, 
Aeid phosphate, 
PotdC", ... iu.n' su1l)hate. 
Sodium ni trate, ae id phosphate and 
}Jotassium sulphate. 
Sodium nj trate and ae id phosphate. 
Unfortunately in the ease of t:la.ny of the sets the erol S 
v.ere beorched ¥::hil e drying so that. or:ly leO sets re-
mairled com}.Jlete at tIle tirle the crop v.as hnrvested. In 
sue>. a stud:, the e'-'1enlcal data or. a soil are of value 
o1'":l~/ v:le!J. tl:e pot experiDle!'1 to wi th it have been succ es s-
10 
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Pho to No. 1 - A POT CUL TURJlJ SHOWnm TH E EARLY 
GROWTH OF THE PLANTS, 1912-1913 
full:,' compl e t ed. So, the data on onb- lCO soils ar e 
'3.vailable. For t b e fir-.: t ~,eaT's work, as the plants 
were not allo'Ji.ed to bead au t. I t hey having been harvest-
ed at the stage of growth sho"Jrl in Photo No.2, there 
UTe <lat e1 for onl~ the total dry matter, there being 
. 
r-one for e1 ther the grain or the st.!'aw alone. Barley 
was used on IiArt of tne f:>oi18, oats 0~1 others, and 
''lhe?t or.. the remainder. 
250 soils were analyzed in the season of 1913-14. 
Pot eXreriments with barley only, 'using the same fertil-
izers as in the previnu s year I were carried out succ ess-
fully on these until the grain hepc.ed, but at that 
stage ma~' of the plflnts in one out of the t:b.ree reoms 
of the plant-house were seriously injured by fumes 
while treating therr for in!?ect pests. These were dis-
carde<l while the plar..ts on the remaining 18£ sets vere 
allOlved to mature; for the latter the :'ields reported 
in Table III. refAr to the combined weight of grEdn 
;:.nd stra\v. The grain was separated and Vleight3u in 
13 

Photo No . 2 - A POT CULTURE SHOWING TIlE SIZE OF pL.A}rTS 
WHEN THE CROP WAS HARVESTED nr THE CASE 
OF TEF WOHr OF 191a~13 . 
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the C 3.se of only 24 set s. (Table Y.) l'r..e ex trerr,ely 
til1"e-CO~lsunii1 , g Cnl'lHlcter of tlJis 'work prevented tms 
separation being arplied to +,v. €' remaininb £ets . For 
lS13-l4 there are datq al so on tlJe nun-ber of tillers 
and the date of ripening. 
THe COLI4EC'l'IOlT A}~PP.F.PA;"}A'.:"IO~ OJ." _ 'LBJ' SAHPLI'<:", OF S QJL . 
Three separate sample s of bo'1l were secured by 
the field arren ts and sent to the labor 2tOIY • T be one 
VIas for pot cul ture .. -york and the other two for chemical 
analysis. For the former a r epresen ta ti v e sample of 
150 pounds wC!-s taken from the surface 8 incnes . Two 
Bamples for cher.1ical analysis were taken wi th an auger 
1-} inches in diameter, viz: the surface soil , to a 
depth of 8 inches, and the subsoi l from the ninth to 
t1:e t lenty-fourth inch. Tile ~1J1aller sample s "ver e 
placed i n small sacks provicied for t~lis purpo se , 'Nhile 
the large EH"..J!1ple 'J~as shipped in grain sacks . The If'_t.ter 
on its arrival at the labnr f". tory was elT\Ptied cut upon a 
clear: cement floor 'li:'1ere it wa;3 v. ell rrixed , stones an d 
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rubbish being removed . I t was then V',eighed ont, 25 
pounds of dry soil being placed in each of six pots. 
The pnts, made of the best quali ty galvaI'd zed iron, 
Were? inches ir height and 12 inches in dianeter, 
st.:",er:["then~d a.t the tor by a he av-j iron baml to rend er 
then: st.Tong ::::nd dur'1bl e . 
THE PFRTILI7.}'PR USED. 
The fertilizers arplied to the pots co:tJsisted of 
3 grams of codiurr ritrate for nitrogen, 4 grams acid 
sodium ptospha.te for phosphorus al1d 3 graIT's potassium 
sulphate for potassiurr , these quantities being employed 
both alone and when tv'o or a l l th""'''Je were applied to 
Olle pot. ror convenience the orner of c:.rrangement and 
Ii1arkir.g in the greenhouse was from left to right , Pot 
NO . 1 being mar~:-E>cJ E. (untreated) , Pot K0 . 2 N , (t:=cC',ted 
'Ai th I'd tr:3.te) , Pot Uo . ::, P , (treated Vii th pl'l0dphc:..te) , 
Pot NO.4:hR. (t.reat c wi th both ni t.rate and pho srJ:l:k~te) I 
Pot ·0 . 5 NP~ (treated with ni tra.te, phosphate and po t-
assium salt) and Pot 1"0 . 6 K ( treated \Yith potass i um 
17 
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Pho to No. :5 - THREE SETS OF POT CULTURES SHOWING 
THE GAIN IE EARLY GROWTH DUE TO 
THE USE OF ACID PHOSPHATE. 
19 
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Photo :No. 4 - A POT CUI.tmRE SHOWING THF EFFECT OF 
NITROGEN AND PHOSPHORUS FEH 1 I~ERS 
ON MINNESOTA SOILS. 
21 
THE CROP AJ:ID ITS CAFE. 
Earley, 03.ts and spring whea.t were uE-ed in the 
first ~ ear's worl..: while barley only was used the follo\\-
ing year. The seed used was of the best qual:tty and 
especially uniform. The soils were v.'ell watered, and 
then as soon as they were dry enough to work fron' 30 
to 35 seedn were planted in each pot and covered wi th 
about half a.n inch of soil. All of the pots were plant-
ed on the s&n:e day. The numb er of plan ts was reduc ed 
to 20 when they renc hed a he igh t of fl.bout two il1cl~es 
and the fert ilizers E.dded at t1-:i~ time. From the time 
the seede were planted until the plp:nte we:ce 4 inches 
high eac}: pot received 1 liter of water a week, wl1ile 
they grev, from 4 to 12 inches 2 liters a week I find afl,~r 
t~ .. is 3 Ii ter:;3 a. .eel ur::il tlley con~nlenced to ripen J 
after which the amount of watar f'Jrrlied was gradua~ ly 
decreased. As the pots Vliere vlater-tight the wide var-
iation in the water holding capaci ty of tb.e so i1s mElde 
22 
it very difficul t to ' eep ;=tIl t.he plants proIJerly ater-
ed . 
All t11a C.:::.tc from tl:e work of the firet year , 
1912-13, are reported in Table I.. being arrH.l'ged 60 as 
to perffiit comparisons of t ~e relat"ior.R of the respo Ge 
to d:Lfferer:.t fe:!"tilizeT6 with the chen'ical cOrrlpositio . 
The 100 soils were arran;:ad first in the order of tLe 
ni trogen content of the surface s~il , fL.'10 In irL the 
third colur.lr" ar,d then i the or er of tl:e phoBlhoru.6 
COl1~ent of tbe C'ame, shovm in the four~..h column . On 
the basis of tr.e nitrogen contefLt t:b..e leO C1. e diviC. d ir-
to trll'ee groups, the fir at , "'jig11 in "''' , inc::"udirg 33 
~oilB. ~he nitro~el cnn~ nt of eac~ of w~ich lies be-
tv:eer:. 0 . 530 and O . 3E 5 , the sec ond, "int ermedin. te in pI, 
inc ludL g Z 4 soils , eC'c [' wi tl1 ~~ .1i t.roger. conter.t .... et en 
o . 365 and 0 . 291 , an d a third "10 or il ••. ' , including 33 
Boils, each wi tt. a ni troC"en content bet .een 0.291 and 
0.070 per cent. Each of the se trll'ee roups as been 
subdivided into tr.!Tee divi~jono on the bas · s of tre 
23 
phosr-horus content of the surface soil, those ranking 
from 1 to 33 on t~is basis being "high in P" (.071 to 
.0 47 p~r cent). Thus if a soil ranks 26 on the basis 
of its ni tro ~en con ten t qnd 73 on that of its pnoslJhorus 
the dllta 011 this soil will be found in the sub-di.vi sion 
"1' h' ... :'lg_ lJ. l'l but 10Vi in P". A eurrmary (Table II) permj ts 
of tIle dir ec t c <)Y ~p,rison 0: the aver'tje re5ul t E 007.h 'cy 
divisiollS and by groups . In the case 0: the latter the 
averaGes "",eported aTe weief;hted [I.veragez and not simply 
the mean of the three data from the three divisions rf 
the '" ,roup . ThUd ir .. tIle group "low in H" in the case of 
"'Le yields on the ~ot'3 v',TDic}' recelved a. K fertilizer the 
4 soils wi tl1 "low r:r and Ligb P" gHve an aVe rase yield 'of 
3.2 ~r&rrs, the 11 soils wi -1:.11 "low N ani interrediate P" 
gave an ctv.-;:~a""e '"iel(1 of 8.1 gra.Irs and t:re 18 soilo wi tn 
":!.ow 1:; and low P" ar aver age yi eld of 8.5 grarr.s. The 
r.:can ('of the three is 6.6 grams w11iJ e the true or weight-
ed avernge fa r the 33 so 11 s i cl 7.? grams. 
The imr:ortance of the data i~1 thj ~ tabl e, aeide 
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from the surport they lend to t 10 conc1us ons drawn 
from t~e data in Table III 1ieo chiefly in the un ua1i-
fiad su port given L e view that in pot experiIllents the 
1ants should be allowed to reach n:atUr1. ty . The extreme 
o posite view haa boen adv nced by the U. S. Bureau of 
Soils which allowed lants to grow only a few weeks l 
ueous extracts of the soils being thus tested . 
In Table III are similarly arranged all the data 
on 189 soils used in the second year l the "high, inter-
mediate and low N" groups inc~udine 64 , 6~ and 62 soils , 
res. actively . Table IV gives a sUlllma~J of tho data in 
the receding . 
The moisture ccntent of t~e straw at the time the 
yields were deternined is shewn for 36 pots in the table 
belo . It w apractic 11y the s .e in each . Thus, the 
comparison of the cro yields on the air-dry basis in 
suc a study as t lis leads to t e sa e conclusion as 
though the ater content ha . bee!'} determined in e ch 
c se e 
25 

Pho to No. 5 - THE APPEARAnCE OF TH E GREENHOUSE 
AT HA !WEST T IJlE, CROPS OJ!' 1913-14. 
27 
28 
Moisture in a.ir-dry straw when the crops were 
... eighed . 
Soil 0 N P Ie NP NPK 
_No. p. ct. ~. .l2.!2 t. ~..i . R:..£ ... t· h£.t. 
449 11.'1 10.2 10.5 10.6 11..3 10.0 
436 10.2 9.5 9. 10. 9.8 10.0 
535 9.8 11.3 11.7 9.1 £>.0 8.6 
435 ~1_'7 11.3 12.1 10 • '7 9.2 11.7 
508 12.2 10.9 10.2 8.9 11.6 11.1 
536 10.7 11.5 11.2 11.4 11.~ 11.2 
Ave. 11.1 10.8 10.8 10.1 10.5 10.4 
Ave r age for a.11 ferti1i zed pl0 ts 10.5, for un-
f e rtilized 11.1 per cent. 
The app earance of the green-houseE whe~ the bar-
ley f"eaded is shown by Pho to I TO. 5, ''ihi1e No. 5 sho v's 
a set of six ~ ~_ c p1~nt8 were ripening. The con-
a.i t ~on end a ppe d.rance 0:' the cro1- s at the tjrne t!le 
yield of dry lna tt <':r i2l. f; dete-cminea. ..:. J s }J.o~m b:' the f1 ve 

Photo NO.6 •• A SET OF SIX POl'S AS THE PLANTS WERE 
RIPENING. 

Photo No. 7 - FIVE SETS SHOWING THE CONDITION OF 
THE CROP AND THE WAY IN WHICH THE 
CROP WAS HAIIDLED IN 1914. 
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oe".ts in Pho to No. ? 
... no O~ -,as . 8 , £ , 10 and ]1 dll0Vv the grair U" t "r from 
the 24 I~('tG with four sr.ils. These rna: r be conside"'p'''l 
as strioJtl" ty'pical. 
In tF.tble V. the re are sho"ffi the :::i eld .... of bo th 
gr[' in and st FtW , the soiJ s bej.!"l.g arranged il1 the order 
0f '00 th the :r" content and the P can tent. 
In the ca~~p, of all l 8£' .... et s the mlrnber of ti 11 e1's 
on e':tch pot was co'mted oeh!eer. FebT'..lary 20 th aY1:i 
~1arch 25th , all those of anyone et heil1~ counted on 
the srune da: . In the C'"t 'e of ~ sets a. record was kelJt 
of t~le orde!' of riper.in a. d. the di:'ferent pots rallA:ed. 
Thu s, fa r exan:ple, in one set, (:·0. 512), the order of 
ripening and the c r.5~'luent :' nZ las as follo s: 
1. Un~reated pot , 2 F • fertilized, 3 K - fcrtilizeu, 
4: :'rP _ f ertilized, ...J P - f .... rt51ized., 6 .l;PY - fertilized. 
I~ .. '.l<lole TI. the dat ... 02. tni::; ara 7':'ve. as as the 
avera e height of the pl t 8 at aturi tJ. anci ,,: .. e - in 1 
nur.ber of til1c~v. The til rs :hat die o 
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SOILS HIGH In BOTH Nrl':tOG-:J'7 A PHORPHORUq 
Poil Loc&li ty 
1;'"0. 
Rar:k it.! order 
of 
N P 
105 Rothsay, M. 1 
17 Grar~ FcrKs,N.D. 2 
70 Stephen, j,t. :3 
26 Gr~fton, N.D. 4 
40 Handen, N. D. 5 
32 Hansbo yo IN. D. 6 
35 St. Thorras, N.D. 7 
29 Hallock, M. 8 
25 tin to I U. D. 9 
104 Rothsay,~. 11 
62 Brand on, N.D. 
94 Burnsville, M. 
36 Star~eather. 
38 eboter, N. D. 
101 alto., ~.1 . 
86 eli ax, "{. 
19 Aneta, U. D. 
A Dalt n, .. :. 
88 Hu."I1boldt, t. 
61 Garfield, M. 
50 To';rn~r, N. D . 
12 
14 
15 
16 
17 
18 
20 
23 
24 
27 
28 
33 
4 
11 
3 
32 
8 
23 
16 
15 
1 
6 
17 
5 
13 
25 
10 
18 
33 
9 
27 
19 
4 
24 
12 
15 
Hi tro gen in Phosphoru s in 
Soil Pub-soil Soi Sub-soil 
P.et. P.et. P.C't. P.et . 
.529 .224 
• t160 .211 
.457 .24<3 
.£157 .146 
.438 .181 
.432.156 
.432 .156 
.425 .209 
.424 .274 
.421 .079 
.419 .150 
.407 .138 
.403 .17C 
• 402 .195 
.~97 .195 
.396 .186 
.388 .1'71 
.387 ·.18? 
.379 .153 
.378 .159 
.366 .12 5 
.418 .17 
• 089 .07 2 
.081 .077 
.094 .064 
.084 .070 
.086 .061 
.086 .061 
.178 .147 
.09E .083 
.086 .058 
.099 .054 
.087 .071 
.084 .081 
.089 .073 . 
.086 .064 
.081 .056 
.093 .071 
.083 .065 
.086 
.103 
.084 
.088 
.093 
.070 
.077 
.055 
.0 67 
.072 
I"I~ • 
\:t .',' ~ 
Arranged to show the re1a tiol! of t he yield 
to the con1posi tion of the soil . 
Yield of C:rol;c in Pot s . 
LIE.X'.1\ U P NP NPK 
GrmnH GraIns Grams Grams Grams 
5.5 5.5 10 15 15.5 
3. 2 3 .. 7 3 .. 9 4 .. 1 4.1 
5.3 6 10 16.2 18 
8 12.9 12.5 17.4 16.2 
7 . 3 7.4 10.5 13.5 14.9 
12.4 15. 5 31 28 . 5 27 . 8 
12.4 15.5 21 28.5 27.8 
17.3 19.5 26.5 29 29 . 5 
5 7.8 5 . 8 15.5 10.5 
5 .4 8 9.3 13.2 10 
3.5 4.7 5 6.1 5 .4 
24.8 28.5 2~.4 43 .. 5 42 . 2 
e.2 13.2 19.5 19.2 28 .. 2 
14.5 17.4 14.8 19.5 19.2 
8 . 2 9 .7 12 8.8 8.4 
2 . 5 2.5 2.9 2 .7 3.1 
0 . 8 '7.2 8 . 8 10.2 9 . 8 
3 .8 4.6 5.8 5 5 5 . 5 
7~5 7.3 12.5 18.5 19.6 
19.2 23.3 20.2 25.5 23.5 
6.6 7.3 7 7 . e 
7 . 8 
5.1 6.5 6. 8 7.3 6.9 
8.8 10.6 1.;.. . 8 6 . 2 6 . ... 
-- ---
3b 
K Soil 
Grams Crop l~o .' 
5 W 105 
4 B 17 
6.8 B 70 
10.5 B 26 
8.5 Vi 40 
15.9 Vi 32 
15.7 35 
17 0 89 
6 B 25 
5.7 B 104 
4 .. 0 V! 62 
28 .7 0 94 
10 B 36 
18.4 B 38 
7.6 W 101 
2 7 W 15 
6.6 B 86 
3 7 0 19 
12.5 13 A 
17.2 VI 88 
7 . 6 V. 51 
5 . 8 0 50 
10. 
1~6 
TABLE 1.( Continued) 
SOILS HIGH IN NITROGEN AND INTF~MEDIATE IN PHOSPHORUS 
ltitl Rank in order Nitrogen in PhosplmDuS in 
No . Locali ty of Soil Sub-Soil Soil Sub-Soil 
N P P. Ct. P . Ct . p . crt . P . Ct . 
11 Sharon,N.D. 13 49 .417 . 149 . 077 . 056 
68 Argy1e.M. 19 39 . 393 . 208 . 079 . 068 
90 Ti nt ah,N. D. 21 42 . 391 . 257 . 079 . 063 
33 Hannah,N.D. 29 51 . 377 . 155 . 077 .059 
58 Morris . M. 32 52 . 371 . 205 . 077 . 083 
98 OJ.ar a C:l ty • 10 54 . 424 . 198 . 076 .071 
13 Luverne , N. D. 25 38 . 385 .215 . 079 . 062 
AVERAGE 21 46 . 394 .198 . 078 . 066 
SOILS HIGH IN NITROGEN BUT LOW IN PHOSPHORUS 
1 Lawton,N. D. 22 70 . 397 . 191 . 070 . 060 
2 Ue1rose 26 73 .382 .176 . 070 . 057 
3 Hamilton, N.D. 30 78 . 377 . 204 . 069 . 079 
4 Bathgate , N. n . 31 87 . 376 . 147 . 065 .067 
AVERAGE 27 77 . 383 . 180 . 069 . 066 
SOILS INTERMEDIATE IN NITROGEN AND HIGH IN PHOSPHORUS 
1 }.{83Tvi11e , N.D. 36 21 . 360 . 200 . 086 . 061 
2 F.lay,N.D. 38 30 . 358 .119 . 082 . 059 
3 Minto , N.D . 41 14 . 355 .200 . 087 . 079 
4 Fosston , M. 44 29 . 347 . 133 ..083 . 062 
5 Ayr . N. D. 45 7 . 346 . 139 . 095 . 077 
6 St . Vi l'ICen t •• • 46 26 . 345 . 138 . 083 .067 
7 Cando , N. D. 47 31 . 344 . 178 . 082 .087 
AVERAGE 42 23 . 351 . 158 . 085 . 070 
Yleld of crm;s in Pots . 
!:.1E'Y1 • N P HPj( K Crof Soil 
C'r"'J"'S Grams Grazr.s Grc?.rls Grams Gra,ms ITo . 
.: .C 3 . 4 6 , 6 7.5 8.~ 6 .3 B 11 
t~ . 3 7 .7 10. ? 12.8 12 . 4 11 :B 68 
5.S lI.S 8 8 . 3 21 .5 8 . 2 B 90 
13.8 14 16 22 . 2 32 9 . 2 y; 33 
3 . 5 4 . 2 4 . 7 4 . 5 4.9 4 .3 0 58 
3 . 8 ·L2 3.0 4 . 5 3 . 9 3_4 "\/ 98 
10 12 . 2 15. 5 22 . 8 20 . 5 13.8 W 13 
7 . 3 8 . 5 9.3 1l.e. 1 ,1. ~, 8.0 
4 . 1 4 . 5 5 . 5 6 .~ 5.8 5 . 3 
9 . 8 11. 13.5 16 . 2 16.7 13. 
5 . 5.5 5 . 5 6.5 6 . 5 :.7 
5 . 8 c. B 7.6 9.8 8 . 6 5 . 6 
6 ..... r c o . ~ 8.0 c (, , • oJ £ . ·1 7.1 
5. 9 6 .7 6.7 8 .7 9.1 7 .3 
27.5 33 . 32.5 5l. 46. 2S· . 8 
12 . 12 . 2 15. 19 . ~ 17.2 10.2 
1.8 2 . 3 2 . 5 3 . 5 2 .3 : . 7 
3. 3 . 3.5 3.5 5 . ., . ..., 3.3 
,1 . 5 5 . 7 l=. ,., v .... 6 . 3 (".1 5 . 
3 . 5 '4 . 7 5 .7 6 . 5 6 .3 6 . 2 
8 .3 9.8 10.2 1 '. 1 13.6 9.1 
IS8 
TABLE 1. (Continued) 
SOILS INTERlIEDIATE IN BOTH NI'l'ROGEN AND PHOSPHORUS. 
Soil Looal i ty Rank in order Ni trogen in Phosphorus in 
No of Soil Sub-soil Soil Subfjsoi1 
N. P. P . et . P . et . P.c:t . P.et. 
1 Clara C 1 ~y ,)1., 37 36 . 359 .151 . 080 . 064 
2 Rutland , N.D~1 39 58 . 358 .224 . 075 . 065 
3 Orr . I~ . D. 42 34 .351 .160 . 081 . 066 
4 Hope , N. D. 48 4f) . 337 • 146 . 079 . 065 . 
b Warren ,M. 50 64 .:334 .088 .071 .055 
6 Benson, M. 51 37 .327 .211 .080 .074 
7 Park River , N.D. 53 53 . 324 .171 .OS6 . 0 66 
8 Bagley ,11.. 54 50 . 323 . 199 . 077 .059 
9 Tintah,N.D. 56 43 .318 .257 .079 . 058 
10 Lester Prairie 57 44 . 318 . 111 . 079 . 058 
11 Tol na .N.D. 58 65 . 315 . 219 . 071 . 075 
, 
12 Warren , Minn. 62 35 . :306 .088 .080 .058 
13 Mentor , M. 63 48 . 304 .144 .078 .060 
14 Mayville ,N. n . 64 45 . 303 . 166 .078 . 059 
15 Grove 0Ity.M. 66 66 . 293 . 118 . 071 . 057 
15 Ha ttton.N.D. 67 57 . 292 . 139 . 075 .080 
AVERAGE 54 48 . 323 . 162 . 077 .064 
SOILS INTERMEDIATE IN NI'fROGEN AND LOW IN PHOSPHORUS. 
1 Herman.M 34 72 . 364 . 140 .070 . 057 
2 Ardook.M. 35 77 . 360 . 189 . 067 . 079 
3 St.John,N. D. 40 95 . 358 .176 . 061 . 045 
4 Penn.N.D. 43 93 . 349 . 167 . 062 . 079 
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Yield of Cro 128 in Pot \" i'th Fer tili.~er. 
Blank lr' p ItF NPKi 1(' 
~Tams Grarr.s Grams Grams Grams Grams Soil l~o • 
7.4 7.1 6 . 6 9 .4 9. 7.6 
2 . 6 ~ . 1 3.1 3 . 2 3. 3 2 .3 2 
0 . 2 1:2.4 S . 12. l/L 9 . 3 
1u . : . .' 10.2 (' ') ~ .- 15.2 15.2 11.5 4 
'_ . ~ 5 ' 9 . 5 b • o ~ 5.5 5 .... . v. v 
]J.. 12 . 3 12.5 13. <1 17.8 
.. ,... 6 
.l.':::" . 
5.5 1C . 2 •• E 14.b 3 . 6 8.2 7 
2 .. 2 .2 3,,6 3.6 3 .7 6 .£1 8 
5 . 8 6 .7 '7.8 ~.4 12.4 5.5 0 
8 . 2 8 . 8 7. Iv . 2 lC.2 0 . 8 10 
. 1 4. 3 5. 5 
~ ':t 
" 
I::: 11 J'<J -s • • .1 
3 . 6 3.£ 5 . 8 7.4 9.2 4 .6 1Z 
17.3 23.8 24.2 25.4 22.5 21 . 3 13 
4 . 8 4. 9 7.5 6. 8 8. 4 . 8 14 
~ . 13. 13. 3 . 8 16. 14.5 15 
3 . ~ 5. 4.5 4.8. 6. 3.4 
16 
6. 8.3 8 . 7 1 . 2 10.5 8.2 
4.5 5.2 4.5 4.6 4.6 3.6 
1 
4.5 4.5 4.3 3.8 5. 5 3.5 
2 
5. 5. 5.6 6. 5.8 3. 
3 
3.9 3.9 5.2 7. 5.9 4.9 
4 
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T.Al3LE 1. (Con tinuea) 
SOILS INT];~RMEDIATE IN NITROGEN Alf.D LOW IN PHOSPHORUS 
Soil Locality Rank in order Nitrogen in Pho sphorus in 
No. of Soil Sub-soil Soil Sub-soil 
N P P.et. P.et. P.ot. P. ct. 
5 Litehfie1d,M. 49 74 .335 .141 .069 .058 
6 Hannah ,N.D. 52 81 .325 .159 .068 .059 
7 De Graff , M. 55 82 .321 .210 .068 .056 
8 Carlisle,M. 59 71 .314 .169 .070 .059 
9 Erdahl ,M. 60 69 .311 .175 .070 .069 
10 Aneta ,N.D. 61 92 ~310 .154 .063 .057 
11 Hutchinson ,M. 65 90 .302 .141 .064 .042 
AVERAGE 50 81 .332 .166 .067 .060 
SOILS LOW IN NITROGEN BUT HIGH IN PHOSPHORUS 
1 Ada, M. 74 2 .254 .112 .124 .073 
2 Arthur , N. D. 84 22 .207 .118 .080 .052 
:3 Maxbass ,N.D. 88 20 .193 .086 .086 .084 
4 Walhal1a,N.D. 82 28 . 219 .133 .083 .078 
AVERAGE 82 18 .218 .112 .095 .072 
SOILS LOW IN NITROGEN AND INTERMEDIATE IN PHOSPHORUS 
L McVille,N.D. 68 56 .285 .116 .075 .050 
2 Hunter ,N.D. 69 55 .280 .114 .076 .065 
:3 Willow Vity,N.D. 71 41 .269 .152 .079 .065 
4 Ellenda1e,N.D. 72 60 .267 .083 .073 .065 
5 Eri 8,H .D. 73 63 .263 .131 .072 .062 
6 Sauk O"enter ,M. 75 61 .251 .210 .073 . 063 
7 Pelioa.n Rapins 78 59 .229 .123 .074 .060 
Yield of Crops in Pots wit'1. Ferti lizer. 
Elc..n :k N 1) lifF ITPK :K' Soil 
Gr9Irts GraYr.s Grams Grams Grams Grams lTo . 
.3 .2 3 ') .- 5.8 7.5 8.5 3 . 2 5 
6 .9 '7.2 9. 11.5 11. 8.6 6 
3 . 2.5 5 . 5 . 8 6.5 4 . ? 
25.7 27 . 8 27 . 38. 39.5 26 . 8 
9 . 9 . 5 9.5 14. 5 14 . 5 6 . 5 9 
4 . 4 4 (' . ~ 5 . 1 5 . 4 6 • 1.8 10 
3 . 7 3 . 3 4.5 4 . 7 5. 6 3 . 6 11 
6 . 7 6 . 9 7.8 10.1 10.6 6 . 5 12 
1. 1.2 .) ., ~- ... 2 8 3 . 2 2 .. 1 1 
3.6 4 . 4 . 1 6 . 8 6.8 3 . 2 2 
4 4 5.5 5.1 7 . 4 6 . 5 3 . 9 :3 
4 .. 7 5. 5 5 5 7 .. 6 6 6 3 . 7 4 
3.4 4 . 1 4 .2 6 . 2 5 . 8 3 . 2 
2.8 4 . 3 . 5 6 . 1 5 1 3.5 1 
6 . 5 6 . 3 5. 0 8.9 8.3 5 . 2 2 
17 . 8 18. 22 . 4 23 . 22 . 2 20 . 3 
3 . 3 . 8 5 . 4 5 . 6 . 4. 4 4 
2.3 240 2 3 .. 4 .7 4 . 7 2 . 5 5 
11.8 12. 16 . 7 14. 22 . 11. 5 6 
8. 11.5 9.4 13. 21 . 11.5 7 
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TABLE 1. (Continued) 
SOILS LOW IN NITROGEN AnD INTRmJFDIATE IN PHOSPHORUS 
Soil Locality Rank in order Ni trogen in Phosphorus in 
No of 80i1 Sub-soil Soil Sub-sen 
N P P.ct. P.et. P.c:t. P.et. 
8 Towner,N.D. 79 67 .229 
.123 .071 .058 
9 Stephen ,11 83 46 .21. 
.131 .078 .067 
10 Bertha,M. 00 47 .205 
.050 .079 .054 
11 Sauk Center ,M 93 62 .138 
.064 .072 .061 
AVERAGE 77 56 .239 
.118 .075 .061 
SOILS LO IN BOTH NITROGEN AND PHOSPHORUS 
J llorthwood,N D 70 68 .269 
.145 .071 .067 
2 To1na,N D 76 83 .239 
.091 .067 .040 
3 BarneBvi11 ,ll 77 76 .237 
.114 .069 .070 
4 Dtlnse1th,N D 80 75 .224 
.113 .069 .061 
5 Prindeton,ll 81 84 .221 
.172 
.067 .051 
6 Brandtford,N D 85 91 
.206 
.095 .063 .056 
7 YcIntoeh,:M 87 85 
.198 
.107 
. • 067 .056 
8 Bertha, • 89. 79 .174 
.058 
.069 .061 
9 Danvers, n 90 99 .172 
.118 
.051 .058 
10 e1rose, 91 94 .165 
.062 
.061 .051 
11 Appleton,V 92 96 
.162 
.110 
.069 .069 
12 Wadena, 94 86 
.137 
.031 
.065 .041 
13 Bagley, 95 97 
.128 
.036 
.059 .056 
14 Hen~elt D 96 89 .118 
.073 
.064 .076 
15 Hinck1ey,ll 97 88 
.111 
.038 
.064 .049 
Evansv111 , 98 98 
.110 
.J 54 
.058 .056 
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Y i"eld of CreE's in Pots vIi t h Pertilizer. 
Plan}~ iT P 1t~ IPK K Soil 
Grarr:s GrE:lr.s Gram:; Grams Gr'L!L·L Grams lTc . 
5.3 6 . 4 7 . 3 7 . 4 7.6 5 . 2 8 
3\'3 4.1 6 . 6 4.2 4 . 2 3.2 9 
7.8 '7 . 5 8 . 2 9 . 3 1l. . 5 8 . 8 10 
1·1 . .3 16.5 14 . 0 16 . 5 17.3 13.3 11 
7 . 6 8 . 4 9 . 4 10.2 11.8 8 . 1 
5.6 6 • t . 8 a v • 9 . 7 5 . 3 1 
4.2 4 . 5 5 . 1 5 . 7 6.1 5 . 1 2 
1l. 13.8 16 . 1 31 . 7 ~6 . 13 . 4 3 
5.6 6 . 3 7 . 8 . 8 . 3 6 . 3 4 
3 . 5 . 5 3 . 5 5 . 5 7 . 2- 2 . 5 5 
9 . 10. 11 . 4 13. 6 13.5 1l. 6 
1l. 13 . 5 20 . 2 .2 3J .1 12 . 7 
8.7 7 . 5 c . 5 a ~ . 9 . 4 7 . 1 e 
7.2 9.3 J2 . 4 17 . 14. 10 . ~ 9 
3. 2 3 . 4 3 . 8 3 3 4. 3.3 
10 
4.~ 4. 4 4 8 4 . 5 4 5 3 . 5 
11 
6 . 6 7 . 5 6 1 6 . 1 7 . 
( 6 . 6 12 
10. 2 18 . 15. : . 3 17 . 
18 . 5 13 
4 . 5 7 . 8 8 . 5 13 . 9 . 
12. 14 
9 . 5 13 . 9.5 13.2 18 . 5 
10 . 5 15 
~ . G . 6 7 . 6 11.8 14 . 
7 . 6 16 
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TABLE I. ( <Cbntinued) 
SOILS LOW IN BOTH NITROGEN AND PHOSPHORUS, 
&bil Looali ty Rank in order Ni trogen in Phosphorus in 
of atlil subsoil SOil Sabsoil 
N P.et. P. et. P.at. P.et. 
17 Park Rapids, v. 99 80 .100 .094 .069 .058 
18 Bemidji, V. 100 100 .071 
.011 •• 047 .045 
Average 89 87 .169 
.090 .063 .057 
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YiclJ of :: ro ;.' s in Pote I"!ith Fertil.izer. 
El~nk 1J p HI' NPK K ~oil 
GrFtl7'S Grarrs Grarr.s Grau;s Grazrs Grams 110 . 
in 
4.6 5 . 8 5.8 6 . 5 6 . 3 6 ~ 17 
11.5 14. 2 10. 14 . 2 14 . 2 12. 18 
7 . 3 8 . 0 9 . ., 
. "" 11.4 12 . 8 8 . 6 ~g 
057 
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Ar r'anged in Groups ill Order to Show the Relation of the 
Yield. to the Composi tion of the Soil. 
TABLE II. SUMMARY OF DATA OF 1912-13. 
Rank 
N 
22 So11s high in II &:P 14 
7 Soils high in N.int. 1n P 21 
4 Soi18 high in N,low in P 27 
33 So11s high in N.Average 17 
10 Soils Int.in H,h1ghln P 42 
16 Soils • 
11 So11a • 
34 SoIls " 
4 So11a low 
11 Soils • 
18 So11s • 
33 SOIls • 
• " int, • • 
" "low ". 
" " Average 
in N,high in P 
• • int, • • 
" • low . " 
" "Average 
54 
50 
50.1 
82 
77 
89 
84.1 
in order 
p 
15 
46 
77 
29 
22 
48 
81 
53 
18 
56 
87 
68.3 
Nitrogen 
Soil SUb-soil 
P.et. P.et. 
.418 .179 
.394 .198 
.383 .179 
.409 .183 
.351 .158 
.323 .162 
.331 .162 
.218 .112 
.239 
.118 
.169 
.090 
.198 
.102 
PHosphorus 
Soil Sub-soil 
P.ot. P.et. 
.093 .072 
.077 . • 066 
.068 .065 
.087 .070 
.085 .070 
.076 .064 
.066 .059 
.082 .064 
.094 .071 
.074 .060 
.063 .056 
.071 .060 
I 
• 
Yield of 
Blank N 
Grams Grams 
8.7 10.6 
7.3 8.6 
6.2 6.9 
8.1 9.7 
8.3 9.8 
6.7 
8.2 
I 3.4 
4.0 
7.6 8.4 
• 
·7.3 8.9 
6.9 8.1 
orops in 
p 
Grams 
12.7 
9.3 
8.0 
11.4 
10.2 
8.7 
7.8 
8.7 
4.2 
9.4 
9.2 
8.'1 
pots with 
lIP 
Grams 
16.2 
11.8 
9.8 
14.4 
10.2 
10 .1 
11.0 
6.1 
10.2 
12.0 
lO.6 
Fertilizer. 
NPK 
Grams 
16.1 
14.9 
9.4 
1!S.O 
13.6 
10 .5 
10.6 
11.1 
5.8 
11.8 
12.8 
11.6 
4'1 
It 
Grams 
10. 
8. 
7.1 
9.2 
9.1 
8.2 
7.8 
3.2 
8.1 
8.5 
7.7 
48 
TABLE I I. (Oontinued) 
Inorease due to Ferti lizer. 
N 
Grs. 
S011a high in N ani P 1.9 
S011s high in N and Int.P 1.3 
S011a high in B and low P 
.7 
Average 1.6 
S011s Int. 1n. and high P 1.5 
S011s Int. in N and Int. P 1.4 
Soils Int. in B and low P .2 
Average 1.1 
S0118 low in N and high P .6 
S011s low in N and Int. P .8 
Soils low in R and low P 1.6 
ATerage 1.2 
P 
Grs. 
4. 
2. 
1.8 
3.3 
1.a 
1.1 
1.G 
.8 
1.a 
1.8 
NP BPX X 
Grs. Gra. Ors. 
7.5 7.4 1.3 
4.5 7.6 .7 
3.G 3.2 .9 
6.3 6.9 1.1 
6.1 5.3 .8 
3.3 3.6 1.3 
If 
P.et. 
22 
18 
11 
20 
18 
3 
16 
18 
11 
22 
17 
P 
P.et. 
46 
28 
29 
40 
23 
26 
16 
23 
20 
24 
26 
26 
NP 
P.et. 
90 
62 
58 
78 
74 
48 
51 
55 
79 
34 
64 
54 
BPX 
P.et. 
85 
104 
52 
85 
64 
52 
58 
56 
71 
57 
75 
68 
K 
P.et. 
15 
10 
15 
14 
9 
4 
o 
10 
o 
6 
16 
12 
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TABLE III. DATA on ' ORK OF YF~R 1913-1914. 
SOILf HIGH IN BOTH lUTROGEI Alm PHOS?HOnUS 
Soil Locali ty Rank in order Ui tro gen in Phosphorus in 
l~o • of 
1 P Soil Sub-soil Soil Sub-ooil 
P.et. P.et. F.et. P.e t • 
415 'illmar, It . 1 17 .590 • 244 .099 .073 
476 Thief River FaJ.ls 3 37 .004 2<'" • e.G .092 .07 5 
444 G1astoll, N. D. 4 29 • !X)l .243 .093 .078 
425 Hallock, 1"' . 5 1 • 4~ 9 .187 .12) .071 
535 Lawto 1, ... . D. 7 44 .492 .162 .091 .06 6 
485 Reynolds, ; . D. 8 41 .473 .094 .091 .08 8 
442 Ueche, 'H D. 9 11 .467 .2.09 .100 .092 .J.~ • 
455 Grafton, '" D. 10 34 .465 .324 .092 .077 ~ . 
417 Hvrdock, .t . 11 8 .452 .178 .103 •. 055 
~06 Kennedy , l~ . 12 16 .450 .200 .09S •• 093 
407 Davenport , M. 14 61 • <129 .331 .087 .083 
481 Hatton, N. D. 15 12 .426 .z;?0 .100 .077 
443 Ha il ton, N. D. 16 13 .425 .187 .10C .081 
508 Ste hen, 'f: 17 22 .423 .134 .096 .080 • 
440 St. Thomas, 18 58 .422 .187 .088 .086 
453 Graftor. , T D. 19 14 .421 .258 .100 . 08 Q . 
419 I'o !'lald so n , , 22 ~ .414 .309 .094 .078 . . 
463 Park River, 24 6 .411 .193 .107 .OGO 
'"43 Edmor e, J:T. 25 48 .410 .265 .0£0 .070 
533 HolJoway, 27 25 .408 .192 .J0 4 .073 
5~9 Argusville 30 38 .395 .174 .C 0 2 .070 
603 fauk Center 31 15 .394 .268 .O~C . 77 
468 Hal) ory, r 34 I • 51 • 392 .098 .08v .08 5 
525 Garfield, • 37 26 .38~ .191 .094 .083 ,I. 
~ 
Arranged in or der of Ni trogen content in order to"" the 
relationship of the crop yield to the compositioL 
of the soil . 51 
Yield of Crops in Pots . 
Bl:m:k N P NP NPK K Soil 
Grams Grams Grrum Grams Grams Grams .l~o • 
00 47 . 3 56 72. 8 74 53 415 
4~ . 4 62 43 7 7 64 . 5 43 . 5 ,176 
39 . 3 45 . 2 45 . 7 75 . 5 84 40 444 
00 ~ 3 70 . 8 53 . 5 77 67 49 425 
46 54 46 . 2 62 . 5 60 . 8 45 . 8 535 
46 . 5 56 . 5 56 . 5 52 . 5 82 . 5 54 485 
58 72 60 . 2 80 79 61. 5 442 
52 66 . 8 52 . 3 71. 2 68 . 2 57 . 3 455 
4S 63 51 . 5 71. 8 69 . 5 54 . 5 417 
48 . 5 64 . 8 60 . 2 82 9 81 48 50G 
46 . 2 55 42. 5 62 43 . 8 45 407 
44. 8 59 . 8 47 . 8 80 . 8 74 . 6 49 . 1 481 
47 4£' . 5 46 . 5 7? 70 . 5 47 . 5 443 
45 . 5 59 47 . 8 71 72 45 . 5 508 
46 46 . 2 48 . 5 71.2 77 . 3 44 . 7 440 
44 . 4 59 . 7 43 . 2 63 . 9 66 . C: 45 . 9 453 
45 60 45 . 8 73 . 7 68 . 2 41.8 419 
40 57 . 5 43 . 5 63 63 45 . 5 463 
53 . 2 53 . 7 52. 8 72 . 7 75 . 2 53 . 2 543 
39 . 8 39 . 8 44 . 8 59 . 3 63 . 2 42 . 2 533 
54 56 . 8 53 72 . 8 76 . 2 53 . 7 -99 
36 . 5 39 . 7 34. 2 39 . 6 39 . 34 . 7 603 
47 54 43 . 2 61 . ? 53 4 ... 468 
34 . 3 31 .17 46 . 7 32 47 . 5 32 525 
52 (TABLE II!. Conti nued) 
SOIJ.r; l-lIGH IJif BOTH IT Gm1" PHD ""PI 'Of)"PJ{ORUS 
Soil Locality Rank in orc1 er 1a trogen in Phosphorus in 
lTo. of 
N p Soil Sub- ooi1 ~oi1 Sub-soil 
P.et. P.et. • c t. F. ct. 
522 Pelican Hap ids 38 43 .388 leo .091 .075 
4£4 Portland 39 47 .388 .144 .085 . . 06~i 
538 Luverne, H. D. 41 54 .381 • aJ 5 .088 .068-
448 Ashby, 42 59 .378 . 205 .088 .070 
571 Grand For s 4 ;3 .366 . 200 .109 .0gS 
401 TeilsviJ Ie 46 45 .365 .173 .091 .073 
568 Ada, 1 . 51 4 .354 .201 .109 OOQ . ~ ~ 
596 ~cVil1e, IT. D. 52 23 .353 .185 .095 .067 
584 Barnsville 53 55 • Z.52 • 1.45 .083 .074 
451 Cavl:~lier, T. 59 A> .384 .070 .097 .063 
573 ~ unich, U. D. 63 63 .343 .115 .086 .0?1 
510 • arren, A. 65 7 .342 .14 
.104 .086 
A rERAGE 28 :30 .416 .197 .095 .078 
SOILS HIGH Il7 In ROG ~ Jl. I if'T'FR 1'TEDIATE IN PHO~PHORU 
455 Ar iIla, N. D 2 65 .537 .222 
.086 .077 
554 Co ttor.v.ood, ~ 6 89 . 4S 9 .173 . 
.083 .070 
456 '.:11 ton, N. D. 13 84 .430 .199 
.084 .080 
449 Cando, .10. • D. 21 104 .415 .145 
.pao .066 
430 Antler, n 23 93 .414 .162 
.082 . . . .057 
4 c 6 Cando) L D. 26 99 .409 .139 
.081 .062 
491 Clifford t . D. 28 114 .406 .026 
.078 .072 
465 H nnah, f. 29 110 .396 .14? .07~ .059 
461 Rock IJake~ N. D. 32 125 .396 .145 
.076 .069 
Cho io. " 33 71 .392 .196 5 8 . .085 .077 
493 P af.; e, 36 86 .390 • 2~3 .084 .075 
53 
J... 
Yield of Crops in Pots . 
Blenk U P NP NPK K Soil 
Grams Grarr.s Grams Grarr.s Gra.n:.e Grams No . 
53 . 8 29 . 3 28 . 8 58 52 . 5 
30 . 8 522 
p1 . 9 68 34 . 5 88 85 45 . 2 
4£4 
46 55 . 8 50 62 . 2 62 . 2 
47 . 5 538 
45 . 5 43 51.2 68 . 5 71.8 
45.8 448 
41.2 43 41 . 3 60 . 4 ·59 . 6 
41 571 
22 17 . 3 32 . 3 46 . 3 28 . 3 26 401 
37 . 8 58 44 . 2 62.5 62.1 
51.2 568 
45 . 2 56 55 . 3 71 . 8 69 . 8 
00 . 1 596 
52 51.3 61 . 2 69 . 4 
67 . 4 41. 5 584 
47 63 52 61 . 2 
73 . 2 49 . 5 451 
45.7 44 . 6 50 . 5 59 . 8 44 . 5 
46 . 9 5'73 
64.5 72 . 9 66 . 9 72 . 4 
71.4 63 . 0 51S 
46 . 1 53 , 5 48 . 7 66 . 8 
65 . 8 46 . 5 
Yield of Crops in Pot s . 
73 60 .. 5 61 66 
73 66 453 
36 . 5 42 . 2 44 . 5 59 . 8 
63 . 5 41.1 554 
51 46 54 . 5 55 
58 . 7 35 456 
51 . 5 74 . 2 59 . 7 67 . 5 
78.2 67 . 5 449 
18 . 9 21 . 5 22 . 5 22 
22 . 8 18 . 4 430 
35 . 9 49 . 7 47 . 2 00 . 3 
53. 8 46 . 8 496 
39 . 5 52 . 2 39 69 
72 . 5 39 491 
26 . 2 59 . 2 35 . 7 63 . 5 
70 .. 5 30 . '7 465 
34 54 62 . 5 51 . 5 
73 . 2 48 461 
42 . 2 44 54 58 
58 . 7 55 588 
32 . 6 4[' . 3 37 . 8 62 
67. 5 3 7 493 
0 i nu ) 
t')'1 I on co • 
c in 0 d r itr en in n 
of 
p ub- 011 Soil .ub-sol1 
. ct. • ct • P • t. 
0 b 35 82 .174 .084 .087 
0 01 87 .010 .0 ., .000 7 . .L. 
7 03 65 .160 .080 .075 
7 .364 .2 1 .0 .075 
12 .3 .182 .076 .065 
50 70 7 .12 .0 5 .073 
117 .3 0 .0 3 .078 .055 
. . 09 . 52 .07 .072 
2 3 .128 .0 6 .0 ... 6 
5 .1 .00 .0 
S 
C 6 .0 1 .0 .Oe6 
1 . 77 .17 .071 .071 
7 7 .07 .0 
2 .0 .076 
.2 
.0 .0 7 
.07 .0 3 
3 5 .103 . 07 .0 ... 
.10 .0 0 .0 
5 
.3 .1 
.07 .06 
Yi ld of erol in Pot . 
P oil 
Gr Gr o. 
6 . 4 7 . 8 62 7" . 2 . 3 2 6 
36 . 5 2 . 42 5 . 5 5 . 33 7 
. 7 70 4 . 72 . 8 0 . 5 
35. 5 52 . 2 ' . 5 62 . 66 . O ~ 7 
5 5 . 2 . 5 O. 550 
3 . . 2 5 . 6 7 . 
58 61. 5 6 . 3 . 
... 63 . 2 5 6 . 
. "-
... 
1 63 . 56 3 . 
:3 
56 (TABLE III. Continued) 
SOILS IUTER1JEDIATE IK NrPROGEU AIID HIGH IN PHOSPHORUS 
Soil 
No. 
Loeali ty Rank in order 
of 
U P 
580 Hanco ek, M. 57 
582 Dal tn, M. 68 
605 Beltrami, I. 69 
441 Neche, N. D. 70 
587 Corr&tock, M. 72 
48~ l'a~Tville I IT. D. 7? 
530 Fergus Falls, M.7e. 
520 Luverne, N. D. 84 
576 Cl1!T'ax,:M. 85 
585 Grand Forks, 93 
602 Dal ton, '[. 95 
462 St. Vincent, • 101 
500 Buxton, J.i. D. 107 
56 Round Prairie, 111. 
436 Auburn, :t. 112 
~o6 Park River, 118 
567 Glyndon,·~. 119 
544 le."andri 126 
AVERAGE 91 
87 
42 
32 
21 
30 
27 
31 
53 
36 
00 
60 
19 
39 
35 
40 
33 
62 
9 
Ni trogen in Phosphol'uS in 
Soil Sub- 60 il Soil Sub-so i1 
P.et. P.et. P.et. P.et. 
.340 .104 
.339 .012 
.33? .066 
.338 .313 
.333 .142 
• .326 .1~3 
.325.189 
.318 .166 
.317 .182 
.306 .087 
.304 .151 
.294 .106 
.285 .045 
.281 .151 
.280 .172 
.273 .248 
.275 .175 
.264 .1eo 
.3C8 146 
.086 
.091 
.093 
.Og? 
.093 
.094 
.093 
.088 
.092 
.089 
.087 
.098 
.092 
.092 
.091 
.093 
.097 
.102 
.09~ 
.069 
.071 
.078 
.084 
.070 
.(}94 
.081 
.084 
.0 2 
.098 
.067 
.0""9 
.054 
.. 070 
.085 
.068 
.071 
.097 
.078 
~OILR INT .UEDIA'l.'5 n BOTH NITROGE· A"m PHOPP 'ORUS 
;)45 ussel, . .L 66 
410 J.: asseu t 67 
555 C ar.a Ci"y, :. 73 
411 Shf:l.ron, r. D. 74 
116 
85 
106 
72 
.341 
.161 
.078 .071 
.341. .212 
.083 .092 
.332 
.119 
.080 .073 
.331 
.115 
.085 .067 
57 
, 
.. 
Yield of Crops in Pots. 
Elan}:' N P NP- IfPK K Soil 
Grams Grams GrWl.5 Grams Grarr.s Gran,s lTo. 
49.5 63.5 56 71 . 6 61 . 3 52 . 7 580 
59.5 30 60 77 . 8 79 53 582 
31.9 39 . 4 38 .. g 45 45.5 32 . 3 605 
00 77 63 71.5 73 . 3 59 441 
47 3 38 . 6 51 . 3 70 . 7 72.2 43 . 8 587 
42 59 . 5 53 76.7 73.5 45 489 
29 .8 38 43.2 69 66.5 32.8 530 
19 20 3£1 . 7 60.5 64 25 . 5 520 
65 73 . 2 63 . 5 87.4 67.5 66 . 8 576 
40.5 52 41 69 72 . 2 46 . 3 565 
34.2 33 . 9 37 27.8 48 31 . 3 602 
51.1 63 . 7 56 . 5 67 . 5 67 . 8 50.8 462 
32 48 38.6 54 54 . 2 33.5 560 
44 60 44.5 50. 9 68 . 5 47.6 564 
5C .2 58 53 . 7 74.5 83 . 7 60.7 436 
14.5 34 21 .3 43.5 
44. 8 18 . 5 66 
39.7 52 . 2 42 6 67 . lk 69.4 43 567 
37.8 43 50 . 5 57 ? 67.7 45.7 544 
41.6 51 . 3 47 . 5 63 . 5 6 . :5 3.8 
41.8 00 5 59 64.7 57.9 43 
545 
40.5 67.2 44 . 2 39 37.5 38 . 5 
10 
34 43 . 8 31.5 58 62.5 32 . 2 555 
44 . 5 51 52 59 62.7 48 
11 
58 (TABLE III. Cont inned) 
SOILS niTFJtMEDIA'.l'E II'" BOTH HITROGIrlr A1"1) PHOSPHORUS 
Soil 
ira. 
LOCElli ty Rank in order 
of 
N p 
469 Humboldt, 11. ?5 
53S- Garfi 1d. I. 76 
570 Glyndon,~. 79 
4()4 St ark",~ ea the r, Ii. 80 
426 Antler~ N. D. 83 
433 Emerado, 1. 87 
459 Edinburgh, 1; .D. 88 
532 Ranuock I 1-1. 91 
594 Por tland J 3.D. 98 
409 ap1e Plain J ~. <? 9 
450 Cavalier, if. D. 100 
427 Barton, N.~. 102 
591 Pelican Rap ids .... 09 
569 Ada, 110 
586 ,tont"cello , 1::. 116 
581 He1mar, 117 
36 H tad, 120 
606 Roth 3ay, • 122 
531 ipesto ne, f.. 123 
AVF.R GE 94 
90 
98 
79 
81 
91 
92 
80 
78 
74 
126 
76 
94 
73 
83 
96 
103 
95 
123 
90 
nitrogen in 
Soil SUb-BOil 
P.et. P.et. 
.329 .250 
.328 .171 
.325 .152 
.323 .139 
.319 .073 
.314 .127 
.308 .065 
.306 .177 
.306 .212 
297 .189 
.29'7 .132 
.293 .124 
.282 .060 
.282 .009 
.278 .010 
.276 .056 
.273 .175 
.273 .137 
.271 .159 
.305 .132 
Phosphorus in 
Soil Sub-soil 
P.et. P.et. 
.083 
.081 
.084 
.083 
.082 
.084 
.084 
.085 
.086 
.076 
.085 
.082 
.085 
.084 
.081 
.080 
.081 
.077 
.082 
.082 
.061 
.076 
.073 
.050 
.089 
.050 
.077 
.078 
.053 
.049 
.076 
.062 
.0 6 
.080 
.065 
.086 
.076 
.076 
.072 
SOIL" INTER} 'DIA' r· HT ()(,}:r.N Al LO IN PH()RP ()RlT~ 
406 Breekenri dge, ,t. 71 154 
412 Benson, 81 148 
4o~O Ch } UTe 1 es Ferri' 82 151 
566 Delano. :. 86 183 
.338 .106 
.322 .080 
.3~ .155 
.315 • Zt)3 
.068 
.070 
.0 70 
.056 
.055 
.050 
.053 
.073 
Blank 
GraIns 
47.7 
40.3 
61.6 
67 
55 . 7 
4-1 
47 
40 . 7 
35 
30 
36.7 
59.5 
42.4 
48.3 
45 
20 
46.9 
38 . 8 
39 , 5 
43.78 
40 
41 7 
40 . 8 
33 7 
Yield 
N 
Gra."l1S 
57 
52 
59 .. 2 
50 
72 
57 . 5 
60 .2 
50 
55 . 4 
45.2 
40 . 7 
76 . 5 
56 . 8 
52 . 4 
52 
20 . 7 
66 
37 . 5 
43 . 2 
5G . 9 
43 
40 . 8 
of _9roI2 5 
p 
Grams 
44 
46 . 2 
62 . 8 
54 
61.7 
43 . 5 
39 . 5 
52 
39 . 2 
30 . 2 
3£l . 3 
62 . 5 
46 . 5 
39 . 4 
56 
29 
51. 8 
46 . 4 
43 
46 . 7 
36 . 8 
44 
47 
37 . 1 
5 
in Pots . 
-liP NP K Soil 
Grams Gr·ulUos Grams No. 
62 63 43 469 
40 64 . 5 46 . 2 539 
64 63 . 3 64 . 3 570 
68 80 . 5 54 464 
77.2 83 . 5 6 .5 426 
71. 5 73 . 8 38 . 9 433 
65 . 2 66 . 2 42 . 8 458 
61 . 2 65 . 7 44 . 8 532 
80 71.2 30 . 2 5 4 
50 . 7 53 . 2 32 . 2 409 
71 65 39 . 3 450 
80 . 5 85 59 427 
75 . 3 68 . 5 44 . 5 5Sl 
61 . 8 6'7 . 5 41.8 569 
68 . 7 ·65 . 5 51 586 
58 . 8 64 28 581 
67 . 2 66 . 8 49 . 8 536 
49 . 8 60 35 5 606 
53 . 5 60 . 7 39 . 1 551 
63 .. 8 6 .6 4 
( 
. 
37 41 . 5 41 0 
60 . 2 60 . 3 40 . 5 l~ 
67 . 3 75 . 5 43 . 5 459 
52 . 6 ~,- c 00 • .: 
(TABLE II I. Contir,ued) 
SOILS IHTlffiM"}!"DIA'iE IN lTr'l'ROGF..N" AlIT.! T ..OVT IN PHOSPHORUS 
Soil 
l~o. Loenli ty Ram" in order lTi:rogen in of Soil Sub- soil 
N P P.et. P .e t. 
428 1illow Ci tiT, N.D. 89 
467 Perley , M. 90 
589 lahpeton , U. D. 92 
452 Hoople , N. D. ~4 
402 Moorhead , ''.. 96 
574 Hanl~J Falls I 97 
492 Cli ford, N. D. 103 
511 arren,~ . 104 
524 ll.l bany , 1. . 105 
559 Sutton, N. D. 106 
70 Freeport, 108 
422 Hutchinson , 11. 113 
558 ; ar9h"l.l1 , 't. 114 
562 Hillsboro , .Ll . D. 115 
88 ~yvi11e , T. 121 
404 .,u1aca, .:. 124 
416 At ~ter , ~ . 125 
534.- Arthur, ~. D. 127 
A AGE 102 
131 
167 
.308 .151 
• ZC 6 .1£9 
162 .306 .171 
121 .304 . 200 
179 .3C4 .073 
140 .302 . 125 
100 .289 . 094 
144 .288 .144 
152 .288 .083 
134 .285 . 069 
176 . 284 . Or1 
138 . 279 . 273 
146 .279 . 125 
161 . 278 .152 
136 . 273 .1 52 
180 . 265 .043 
163 .254 .181 
158 
. 259 .126 
154 
.293 . 140 
OILS LO 
r1" In ... ROGE!· A~m HIGH I',T pt..TO'" t.I RU'" 
• !I .r.. .\ 0 .) 
47 Larimo c, I . D. 129 
38 Smron, •• D. 131 
552 L1 tchfield I L 134 
575 Long Lake," 135 
5 6 B er , 139 
52 
24 
57 
5 
58 
.256 . 085 
. 246 .190 
. 243 .128 
. 242 .125 
. 236 . 156 
Pho snhor 19 in 
Soil- Sub- sc il 
P . et. P . et . 
. 075 
. 063 
.079 
. 077 
. 065 .078 
. 077 .080 
.053 .058 
.071 . 053 
. 066 . 049 
. 071 . 072 
. 069 .062 
. 074 . 059 
.060 . 081 
. 072 .072 
.070 . 059 
. 065 .066 
. 073 . 055 
. 056 .045 
. 065 .053 
.067 
.0 67 
. 089 
.095 
.0 8 
.107 
. 088 
. 061 
. 064 
. 065 
. 055 
.067 
.083 
.074 
[ 
61 
Yield of CrpI!s in Pots. 
Blank N p NP 1m( K 
Soil 
Gra.r::s Grarr.s Grams Grarns Grams Grams 
:To . 
14.8 lS . 9 14.4 29 .7 25 
13.8 428 
27 55 42 . 5 55. 5 53 . 5 30 . 2 
467 
5'7 .'3 62 .. 7 61.5 75 76.7 
52 . 7 589 
35.2 61 40 60 . 2 70.5 
37 452 
25 . 5 47.2 41. 5 44 . 6 45 . 2 36 . 6 
402 
43 48 . 5 49 .7 59 63 . 5 
47 . 8 574 
43.8 57 38.5 71 76.5 
47.5 492 
38 .. 5 58 43 63 62 . 8 
4.6 511 
41 47 50 68 73 
52 524 
31.8 43 34 58 . 5 58 . 2 
36 . 4 559 
31 46 33 60 
64.4 31 470 
50.5 60 54 77 
74 . 7 44.5 422 
31.3 46.7 32 . 8 54 
57 . 8 31 . 3 558 
33 52 35 60 
67 36 562 
50 .. 5 65 .7 52 . 2 69 .8 
79 :0 .5 488 
34.9 53 40 . 4 52 . 2 
66 . ·1 43 . 9 40 
44.2 46 . 2 58 . 2 74.5 
75 . 2 49 . 7 416 
3° .3 47.5 38 67 . 5 
67 . 2 37 . 3 531 
37 . 8 50 . 41.9 59 . 8 
63 . 2 39 . 9 
45 . 5 56 . 5 37 . 2 38 . 8 
75 . 7 41 447 
53 . 5 66 . 5 53. 5 76.~ 
84 . 5 5 .5 38 
~, ~ 45 . 8 41. 2 52 58 
36 552 
.. :)"i . 0 
40 . 9 51 . 3 35.8 57. ·1 50 . 4 
36 . 8 575 
32 .5 34 41.5 59.5 66 . 8 
34 546 
62 ( T ABIJE I I I . Continued) 
SOITS LOW nr NITROGEN AND RIGR I: PHOPPHOR is 
coil Rank in order Nitrogen in Phc) sphorll:d in 
Ho. LOG ali ty of Soil Sub- soil Soil Sub-so i1 
N P P . et. P . et . ?ct . P . et. 
509 Argyle , t . 144 2 . 223 . 172 .115 .078 
527 Kir'i-:hoven I M. 145 46 • 2~21 .191 .090 .084 
601 Hillsboro I U. D. 155 49 . 214 .068 . 069 .068 
561 Osakj OJ }/l . 157 18 . 206 .048 .0?9 . 072 
314 Erskine. Iil. 166 10 .190 .080 .102 . 068 
600 Fergus j:'alJ s , n. 171 64 .173 .036 .086 .070 
AVERAGE 155 35 .223 . 116 .09 4 .072 
SOILS 1.0 If I r NITP.OGEH A~ID I:· .iRHFDIA E I~I PHOSPHORUS 
454 
. a11halla, J. D. 135 67 . 256 .253 .086 .0':7 
507 Stephen, M. 120 75 . 248 . 092 .085 .076 
595 Beardsley, .L 132 107 . 244 .118 . 080 .064 
592 I:C Into ah. 1 .• 133 120 .244 .063 . 077 .057 
5O1 }.taxbas6, N. 136 119 . 241 .131 .077 .061 
413 Donne!) y, H. 137 113 .450 . 223 . 078 . 064 
529 Hatton, U. D. 142 88 . 225 
.156 . 083 ' 0 54 
5£3 Fergus Falls 143 66 . 224 
. 064 .086 . 074 
505 Kennedy , ~ 146 122 
. 221 .144 . 0 '76 . 078 .. 
414 Grove Ci ty I ~ 147 118 . 221 . 140 . 078 . 049 ... 
431 Rugby, ... D. 150 III . 215 . 113 . 079 .063 .U • 
499 He lard Lake I 152 108 . 213 .126 . 080 .061 
55'7 'atertcvTn , S. D. 156 115 • • 207 . 110 . 078 .071 
4 :3 Gr' t cU!1/ N. D. 170 97 
.176 .150 . 081 .083 
549 
.unieh, N. D. 180 112 
. 135 . 104 . 078 .065 
480 Beltrami, 186 100 .109 . 070 .081 .07C 
478 Re L . Falls 163 102 
.lG5 . 0aO 
.081 . 066 
AVE..T:!AGE 143 102 
. 212 
. 126 .u80 .068 
63 
Yield of Crops in Pots . 
Blat:l. N p NP UPK K Soil 
Crams Gra.rrs GrM".8 GraFls Grams Grams 
1:.0 • 
31 .3 c2 . 5 56 56.4 67 . 4 
58 . 7 509 
64 .. 5 67.5 68 . 8 49 . 5 83 . 8 
65 527 
G6 . 5 33 . 9 30 . 4 46 . 4 41. 7 
27 GOI 
3S . 5 59 . 5 43 40 71 
42 . 5 561 
39.9 51.7 45 47 62 . ? 
44 . 3 514 
32.2 50 36 .. 7 43 . 6 53 
39.2 600 
41.0 52., 44 . ", 53 . 5 65 . 2 
43 . 2 
47.8 5£ .9 51 . 9 61 . 5 
66 . 5 46 . 7 454 
54 . 2 64 57 68 . ? 
75 56 . 2 5C7 
51. '7 eo . 6 4s:?6 ?7 . 6 
86 . 1 44 . ? 595 
35 52 42 . 5 67 . 5 
73 . !!I 43 5e ') ~~ 
31.7 35 . 5 37 . 2 45 . 6 
00 . 5 36 . 9 501 
50.5 58 . 5 54. 5 78 . 2 
73 . 8 51 . 8 413 
46 . 5 63 . 8 52 . 5 71 . 2 
60 . 5 51 . 8 529 
38 . '7 46. 5 36 . 6 5e . 6 
59 . 7 40 . 2 593 
53 55 53 . 5 38 . 5 
65 47 . 5 505 
31 29 . 8 35. 5 50.7 
53 . 7 32 ·n4 
11 8 18 . 8 11. 2 21 . 8 
21.2 11 431 
35 . 8 41 . 3 38 • . 41 . 2 
4S 41.3 4 ... 9 
36 . 8 35.5 38 . 5 
60 . 5 57 . 3 36 . 5 557 
42 'iD • <1 41.4 72 
77 39.5 483 
Z,v . 4 4£ . 7 45 . 7 57 . 2 
60 . :5 45 . 7 549 
35 . 2 45 . 5 35 9 
68 . 8 69 35.3 480 
43 . 5 61. 2 45 . 3 ?1. 2 
66 . ? 42 . 7 178 
40 . 3 49 . 9 42 . 8 60 .? 
64 (TABLE II I. Continued) 
SOILS LOV! IN BOTH ~ITROGE1r AlfD PHOSPHORUS 
• oil Loca1i ty Rank in order Uitrogen in Pho spb.orus in No. of Soil Sub-so i1 Soil Sub-so il 
N P P. c t. P. et. P.et. P.et. 
578 Melrose, M. 138 173 .240 .067 .061 .063 
526 Arthur , N. D. 140 135 .234 .098 .073 .059 
547 Grar..dvi11e. l~.D.l41 133 .231 .092 .074 .075 
528 Delano, H. 148 149 .219 .1411 .070 .083 
340 Campbell, M. 14c 170 .218 .119 .062 .056 
601 Hillsboro, !~.D • 151 153 .214 .068 .068 .058 
424 Upham, 11. D. 153 1'71 .212 .111 .062 .070 
563 Sauk Cent er. I:r. 154 155 .209 .109 .068 .038 
512 Men tor, M. 158 177 .203 .242 .058 .057 
418 Chokio, M. 159 169 .203 .166 .053 .051 
421 . t. Bonif ,c io', S 160 164 .203 .112 .065 .051 
4'77 st. Hilair, . 161 L. 128 .200 .063 .039 .051 
565 Dassel. M. 162 168 .198 .066 .063 .052 
487 Northwood. ~1. J). 164 1'78 .193 .125 .056 .060 
548 Hunter, N. D. 165 130 .193 .117 
.075 • 06~) 
403 l'i1aca. t. 168 189 .187 
.114 .038 .043 
523 
.e1ro se. Hi. 168 150 .185 
.137 .070 .06" 
497 Erie. N. D. 169 184 .183 
.056 .052 .054 
517 Red T,. Fal 10 , 172 186 .171 
.119 
.050 .053 
502 Hensel, iT. D. 173 182 
.169 
.081 
.055 .052 
5S8 P .. rk River. .{. 174 127 
.160 
.072 
.076 .05D 
190 Erie. N. D. 175 174 .159 
.184 
.061 .066 
541 Appleton, ll. 176 145 .158 
.114 
.070 .066 
542 Upham, N. D. 177 143 .158 
.101 
.071 .065 
377 Ogi1·ie, f. 1 78 159 .155 
.037 
.066 .045 
1)56 Hun t-::;r, N. D. 179 142 
.113 
.03? 
.071 .074 
5 
Yield of era )2s in Pots. 
Blank N p NP NPK 
K Soil 
Gr gIr.S Grams Grams Gt'arI'.S Grams Grams 
No. 
31.5 54.2 35.7 63.5 65 
35.7 578 
22 27 33.7 35.5 29.'7 
21.7 526 
47 . 3 56 .3 48 53 63 
42 547 
38 44 41.5 37.5 
52.5 35 . 3 528 
40.5 53 50 61 
66.2 46 540 
26.4 33.9 30.4 46.4 
41 7 2'7 601 
48 65 56 74.6 
68.5 ·49 .3 424 
38.3 54 .. 5 37.6 58 
6'7.7 39.3 563 
4e . 2 7e .• 5 44.5 65 
72.7 48 512 
4£ . 7 73.2 47 . 2 80.4 
71.5 44 418 
32.5 66.8 37.3 73 
69 35.3 421 
52.5 66.8 54.2 73 . 5 
69.5 58.3 477 
31 . 4 58.4 36.8 61.4 
57 . 6 38.6 565 
33.5 72.5 37 72 
57 35 487 
54 60 48 . 5 57 
70 51.2 548 
39.2 63 42 48 
60.3 46.5 403 
45 .. 5 59 41.5 62.9 
67.9 48.9 523 
25.8 28.8 32.1 48 . 4 
55.3 32.8 497 
40 .. 7 45 7 4B,.5 60 
55.8 47.5 517 
49.8 45. 5 43.3 46.5 
47.8 41 ~O2 
34 29 .5 37.5 50 .. 5 
63.7 31.7 598 
32 46 33.5 62 
71 31.5 490 
35.8 38 38.7 61.5 
63.5 43.7 541 
52.5 55 55 69.2 
66.5 53 542 
36.2 41.7 31.9 53 
57.5 33.5 5'77 
26 29 39.7 5 
6 (TABLE II]. Conc1 uded) 
SO ILR LOV! IlJ BOTB NITROGEN AlID PHOSPHOHU~ 
. 
Soil Local i ty Rc.r.1{ in order ~itrogen in Phoephorvs in 
No. of Soil Sub-soil Soil Sub-soil 
. LT P P. c t. • ::? c t. P. c t. P.ct. 
590 Eagle Bend, M. 181 172 .130 .001 .0 61 .063 
513 Bemidji, },: . 182 181 .127 .022 .055 .047 
515 BaglEl'J, M. 183 139 .126 .125 .O?~ .062 
553 Pr inc eto 1'1, l .. ~. 184 185 .114 .03.) .OE2 Or::.') • v ..... 
471 Solway, I, • 185 lC6 .112 .043 .054 • 051 
405 Sheve1in. f. IS? 175 .103 .043 .061 .054 
504 Hinckley, M. 188 187 .092 .033 .039 .039 
503 Shevelin, ]:. 189 165 .088 .O:n .065 .054 . 
AV'ERAGE 167 164 .173 .091 .062 .058 
67 
Yield of Cro..t- s in Pot s . 
Blank N p 1"'P NPK K Roil 
Grams Grams Grams Grams Grams Grams No. 
44 52 .. 2 44.5 66.2 72 47.3 590 
35 . 2 .58 40 51 52 37 513 
55 68 51. 6 67.5 75.5· 55 8 515 
31 47 . 2 34 00 .2 52.8 31.5 553 
41 62 45 62.5 61 4 .2 471 
7.3 24 . 8 8.8 26 2£~5 ~O .8 405 
36 .8 46.8 40 .. 5 54.3 55.5 45~5 504 
3£' . 3 52 38.7 47.1 52 39.4 503 
38.3 51.7 40 • '7 57.3 59.9 40.2 
68 
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TABLE lV. SmDofARY OF 1913-14 DATA I 
No of Rank Nitrogen AT Phosphorus AT 
Soils according Surface Sub-soil Surface Subsoil 
to P.et. P.et. P.et. P.et. 
! E. 
Soils high in » & P 36 28 30 .416 .197 .095 .078 
Soils high in N and Int in P 20 34 95 .:598 .149 .082 .069 
Soils high in N & low in P 8 51 141 .361 .136 .072 .063 
AVERAGE 64 33 64 .404 .159 .088 .073 
Solla Int.in N & high in P 18 91 39 .308 .146 .093 .078 
Soils Int in N & Int in P 23 94 SO .:305 .132 .082 .072 
Soils Int in 11 & low in P 22 102 154 .293 .140 .067 .064 
AVERAGE 63 96 98 .:302 .139 .080 •• 071 
Soils low in N & high in P 11 .155 35 .223 .116 .094 .072 
Soils low in N & Int in P 17 143 102 .212 .126 .080 .068 
Soils low in N & low in P 34 167 164 .173 .091 .062 .058 
AVERAGE 62 157 124 .191 .104 .071 .063 
1 ( 
Arranged in order of phosphorus content in order to show 
H ie relationship of tIE crop yield to the compositiom 
( J ~ t he so i 1. 
Average Yield of Crops in Pets. 
Blank N P NP NPK 
Grams Grams Grams Grams Grams 
46.1 53.5 48.7 66.8 65.8 
44.3 54.6 49 60.5 65.4 
45.7 56.3 48.5 63.9 65.4 
45.5 54.2 48.8 64.3 65.6 
41.6 51.3 47.5 63.5 65.5 
43.8 52.9 46.7 63.8 65.6 
37.8 50.4 41.9 59.8 63.2 
41.1 51.6 45.3 62.3 64.3 
41.9 52.7 44.5 53.5 65.2 
40 .3 49.9 42.8 60.7 62.6 
38.3 51.7 40 .7 57.3 59.9 
39.5 51.4 42. 57.6 61.6 
K 
Grams 
45.5 
45.1 
47.9 
45.6 
43.8 
44. 
39.9 
42.5 
43.2 
41.4 
40.2 
41.1 
69 
70 
TABLE 1V. (Continued) 
Increase due to fertilizer. 
N P NP NPK K 
Grams Grams Grams Grams Grams 
Soils high in N and high in P. 7.4 2.6 20.7 19.7 .4 
Soils high in Nand Int.in P. 11.5 5.2 18. 23.4 1.2 
Soils high in II and low in P. 13.3 2.7 20.9 19.9 2.6 
AVERAGE 9.3 3.4 18.2 20.8 .9 
Soils Int.in Nand high in P. 9.9 6. 22. 24.6 2.3 
Soils Int. in N and Int.in P. 9.1 2.9 20. 26.1 .1 
Soils Int.ln N and low in P. 12.6 4.2 22.1 25.5 2.2 
AVERAGE 10.6 4.5 21.3 26.9 1.5 
Soils low in N ani high in P. 10.7 2.5 11.6 23.3 1.3 
Soils low in Nand Int.ln P. 9.6 2.5 20.4 22.3 1.1 
So11s low in Nand low in P 13.8 2.5 19.4 22 2.3 
AVERAGE 12.1 2.3 ~8.3 22.3 2.4 
71 
N P NP NPK K. 
P.et. P.et. P.et. P.et. P.et. 
16 6 . 45 43. 1 • 
23 IJ. 37 48. 2. 
29 6. 46 44. 6. 
20 7. 39 44 2. 
24 15 53 59 6 
21 7 41 60 0 
33 11.1 60 68 6 
26 11 52 65 4 
23 6 28 56 3 
24 6 51 55 3 
36 7 51 58 6 
31 6 46 57 6 
72 
TABLE V. YIELD OF GRAIN Alto STRAW. 
A. Ranked acco min to Ni tro en in Surface So11 
No. Nitrogen Yield of Grain in Grams Soil P.et. 13 N P NP NPK K 
444 
.501 14.5 13 20.5 :30 34.5 16 
425 
.499 22.5 31 25.5 30 28 20.6 
535 .492 17. 19.4 22. 21.5 23 17 
442 
.467 28.7 20 26.5 27. 33.7 24.8 
443 • 425 16.5 16.5 20 24 • 30. 20.5 
508 .423 20.7 21.2 22.8 22.5 28.7 17.7 
AT.for six 
highest in N 
.467 19.9 18.5 22.9 25.8 29.7 19.4 
449 • 415 22. 22 • 23. 20.5 29.5 17. 
419 
.414 17.5 18.2 20 . 7 28 .3 26.2 19 
439 
.413 20.7 18. 29. 33. 33.5 21.2 
435 
.377 17. 19.4 22. 21.5 23. 17. 
437 
.355 21.9 26. 20.5 27.7 29. 21.4 
446 
.358 18. 30. 22.2 32.7 34.4 23.5 
Av.ot 8i% 
next in li 
.390 19.5 20.6 22.9 27.4 29.3 19.9 
73 
Yield of Straw in Grams 
:B N P NP NPK K Soil No. 
24 . 8 32.2 35.7 45.5 49.6 24. 444 
27 .8 39.8 28 47. 39 28.5 425 
29 34.6 24.2 41. 37.8 28.8 535 
29 . 3 52 37.7 53 35.3 36.7 442 
20 . 5 33 26.5 53 40.5 27. 443 
25.8 37.8 25. 48.5 43.3 27.7 508 
26.2 38.2 27.9 48. 40.9 28.8 
32.5 52.2 36.7 47 48.7 39.2 449 
27.5 41.8 25.1 44.9 42. 22.8 419 
37. 49.7 37.2 43.2 56.2 35.2 439 
40. 60.1 33.7 57.5 63. 46.5 435 
26.8 44. 33.8 45.1 51. 28.1 437 
39.2 39.2 28.8 39.8 53.1 21.5 446 
33.8 47.8 32.6 46.3 52.3 32.2 
74 
A. TABLE V. (Co .rJ..t inued) 
No.o! Nitrogen Yield of Grain in Grams Soil P.et. E N P NP --"NPK K 
432 
.350 12.5 24.5 15.4 21.2 27.5 16.5 
410 .341 13.2 18.2 17.5 20. 12.7 20. 
441 • 338 20 • 21.2 26.7 28.5 23.5 23. 
537 
.337 15. 19. 15.2 23.4 21.2 20. '7 
587 • 333 20.2 18.5 23.5 27 • 25.5 18. 
532 
.Z06 12.5 24.5 15.4 21.2 27.5 16.5 
Av.of eix 
next in N • 334 15.6 21 • 19. 23.6 23. 19.1 
511 
.288 18.6 25.2 21. 18.6 20.6 20. 
591 
.282 17.3 19.3 21.5 24. 20.5 21. 
436 
.280 19.8 1805 2411 32. 37. 21. 
536 
.273 18. 22.9 23.2 28.7 25.9 22. 
578 • 240 14.5 22.2 18. 24.2 30.2 17 • 
403 .187 16.2 25.2 20.5 19.5 23.2 21. 
Av.of six 
lowest in li • 258 17.4 22.2 24.3 24.5 29.6 20 • 
Av.o! 24 
.363 18.1 21.4 21.5 25.3 27. 19.7 
75 
Yield of Straw in Grams 
B N --p --- NP NPK K Soil No. 
33. 38 . 2 26.6 42.8 45.5 22 432 
27.3 49. 26.7 39 • . 25. 18.5 410 
40. 55.8 36.3 43. 49.8 36. 441 
33.'7 51 . 39.1 49.4 58.8 28.8 537 
27.1 40. 27.8 43.'1 46.'1 25.8 58'7 
28.2 25.5 36.8 40. 38.2 28.3 532 
31.6 43.3 32.2 43. 44. 26.6 
19.9 32.8 22. 44.4 42.2 24.6 511 
25.2 37.5 25. 51.3 48. 23.5 591 
30 .4 39.5 29.7 42.5 46.7 39 .'7 436 
28.9 43.1 28.6 :38.5 :30.9 2'7.8 536 
1'7. 32. 17.7 :39.:3 :34.8 18.7 
578 
23. 37.8 21.5 28.5 3'7.3 25.5 403 
24 . 1 37.1 24.1 40.0 26.6 
28.4 
?6 
TABLE V. ( Cro,tl.tinuedl Yie 1d of grain & st.ra" 
B. Ranked according to Phosphorus in Surface SoU.!. 
Yield of-i!!ain_1!l Grams 
Soil Phosphorus B. N P NP NPK K !To. P.cent. 
425 • 12) 22.5 31 • 25 .. 5 30. 28. 20 .5 
442 • 1eO 28.7 20 • 26.5 27., :33.7 24.8 
443 
.100 16.5 16.5 20. 24. 3('). 20 .5 
4.4.1 
.09? 20.2 21.2 26.7 28.5 23.5 23. 
508 .. Og6 20 .7 21.2 22.8 22.5 28.7 1?7 
419 <>O~4 1?5 18.Z 20. '7 28.8 26.2 19. 
Av.of Jlix 
highest in P • 101 21 • 21.4 23.? 26.8 28.4 20.9 
444 .0~3 14.5 13. 20.5 30. 34.5 16. 
58? .e~3 20.2 18.5 23.5 27. 25.5 18. 
436 
.091 19.8 18.5 24. 32. 3? 21. 
535 • 091 17. 19.4 22 • 21.5 23. 1 '7. 
449 • 090 22. 22. 23 • 20.5 29.5 1'7 
532 
.084 12.5 24.5 15.4 21,,2 2?5 16.5 
Av.of six 
next in P 
.091 1 ?? 19.3 21.4 25.4 29.5 1'7.6 
77 
Yield 2...f. S~£11w in Grams 
N p NP NPK K Soil No. 
27.8 39. 8 28. 47. 39. 28.5 425 
29.3 52. 37.7 53. 35.3 36.7 442 
20.5 33. 26.5 53. 40.5 27. 443 
40. 55.8 36.3 43. 49.8 36. 441 
25.8 37.8 25. 48.5 43.3 27.7 508 
27.5 41.8 25.1 44.9 42. 22.8 419 
28.5 43.4 29.8 48.2 41.8 29.8 
24.8 32.2 25.7 45.5 49.5 24. 444 
27.1 40. 27.8 43.7 46.7 25.8 587 
30.4 39.5 29.7 42.5 46.7 39.7 
436 
29. 34.6 24.2 41. 37.8 28.8 
535 
32.6 52.2 36.7 47. 48.7 39.2 
449 
28.2 25.5 ,3fh8 40 . 38.2 28.3 
532 
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B. TABLE V. (Continuedl 
Yield of Grain :in GrmnlL-
Soil Phosphorus 
K No. per cent B N P NP NPK 
439 • 084 20 .7 18 29. 33 • ~3.5 21.2 
410 .083 13.2 18.2 17.5 20. 12.7 20. 
591 .082 17.3 19.3 21.5 24 • 20.5 21. 
437 
.C80 21.9 26. 20.5 27.7 29. 21.4 
536 .080 18. 22.9 23.2 28.7 25.9 22. 
537 
.076 15. 19. 15.2 23.4 21.2 20.7 
Av. of six 
next in P .081 17.7 20.9 21.2 26.1 23.8 21.1 
435 • 081 17. 19.4 22 • 21 ... 5 23. 17. 
511 
• 071 18.6 25.2 21. 18.6 20.6 00 • 
446 
.073 18. 30 . 22.2 32.7 34.4 23.5 
4:32 
.068 12.5 24.5 15.4 21.2 27.5 16.5 
578 
.061 14.5 22.2 18. 24.2 30.2 17. 
403 .038 16.2 25.2 20.5 19.5 23.2 21. 
AV.o! six 
lowest in P 
.065 16.1 24.4 19.9 23. 26.5 19. 2 
Av.o! 24 
soils 
.085 18.1 21.4 21.5 25.3 27. 19.'7 
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Yie1.§_of Straw in Gr~s . 
B N P NP NPK K Soil No. 
37. 49.7 37.2 43.2 56.2 35.2 439 
27.3 49. 26.7 39. 25. 18.5 410 
25.2 '37.5 25. 51.3 48. 23.5 
591 
26.8 44 33.8 45.1 51. 28.1 
437 
28.9 43.1 28.6 38.5 30.9 27.8 
536 
33.':' 51. 39.1 49.4 58.8 28.8 
537 
29.8 45.7 31.7 44.4 45. 27. 
40. 60.1 33.7 57.5 63 46.5 
435 
19.9 32.8 22. 44.4- 42.2 24.6 
571 
39.2 39.2 28.8 39.8 53.1 21.5 
446 
33. 38.2 26.6 42.8 45.5 
22. 432 
17. 32. 17.7 39.3 34.8 
18.7 578 
23. 37.8 21.5 28.5 37.3 
25.5 403 
28.7 40. 25.1 42.1 46. 26.5 
28.4 41.7 29.2 44.6 44.4 28.6 
Soil 
no. 
432 
434 
~35 
436 
il37 
~38 
441 
442 
113 
414 
44 5 
0146 
147 
48 
449 , 
450 
I 51 
452 
538 
5 3£· 
.... 
TABU VI. O~ DPtt OF RIPE~~IlTG , PInAL ~rm B1:'. , OF TILLF.RS 
B 
3 
4 
6 
:3 
3 
:3 
3 
3 
5 
5 
5 
5 
3 
:3 
5 
6 
5 
6 
6 
1 
6 
3 
6 
1 
4 
4 
6 
4 
4 
6 
4 
6 
6 
6 
6 
6 
1 
1 
1 
1 
, 
.... 
5 
1 
4 
1 
6 
3 
5 
1 
1 
1 
1 
1 
1 
5 
5 
2 
4 
2 
5 
4 
4 
4 
1 
4 
5 
6 
6 
5 
6 
6 
4 
6 
2 
2 
4 
4 
MID LENGTH O}i~ STRAvr. 
4 
2 
5 
3 
4 
5 
6 
5 
2 
5 
4 
1 
1 
4 
:3 
5 
2 
5 
4 
1 
1 
1 
5 
4 
2 
2 
2 
2 
6 
2 
2 
2 
2 
2 
2 
2 
2 
1 
4 
5 
2 
2 
To.. of tillers. 
B IT P rIP 
o 0 
o 0 
2 C 
o 13 
o 0 
o 6 
o 7 
o 2 
o 12 
2 '7 
o 1 
o 0 
2 0 
1 ? 
o 9 
o 0 
o 7 
o 0 
o 4 
o 0 
o 2 
o 10 
o 
o 
8 
1 
o 
4 
o 
o 
o 
1 
2 
o 
2 
o 
2 
o 
:3 
o 
o 
o 
o 
o 
6 
4 
20 
6 
6 
8 
:3 
9 
11 
2 
8 
20 
4 
14 
8 
? 
o 
HPK 
'7 
3 
20 
4 
16 
13 
10 
12 
8 
6 
7 
10 
14 
18 
18 
12 
3 
7 
9 
8 
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Length of the s tr.aYJ I in inche s. 
TT 
.... ]3 N P NP lD?K K 
0 33. 35. 3" ~. 31. 33. 34. 
0 36. 38. 33. 36. 34. 
36 .. 
1 35. 34. 35. 31- 32. 
37. 
2 38. 35. 40. 35. 32. 42. 
2 liO • 30. 41- 41- 40. 43. 
0 40 • 38. 41- 3'7. 36. 
41-
0 39. 34. 40. 40. 34. 
40. 
0 39. 36. 40. 41- 3
c v • 40. 
0 48. 36. 43. 3°, 36. 
43. 
0 44. 38. 39. 35. 
32. 41-
0 42. 38. 39. 36. 
27. 40. 
0 40. 42. 37. 26. 
34. 38. 
0 34. 40. 43. 34 •. 37. 
43. 
0 42. 37. 37. 36. 
36. 38. 
\) 40. 36. 40. 41. 30. 
40. 
0 40. 35. . 40. 35. 
36. 27. 
0 38. 38. 40. 41-
35. 42. 
0 35. 37. 36. 32. 
36. 36. 
0 41- 28. 40. 34. 
35. 38. 
0 35. .:> . 35. 30. 
34. 36. 
0 42. 4), 39. 34. 
33. 40· 
0 39. 36. 40. 35. 
.., - 38 . 
.;) . 
Soil 
Order oL ,Fipenin,g. lIo. (If i:.Jl1ere. 
npI{' lTo. B n p :~p lTPK K B N l) np ... 
340 ,:, 6 5 4 1 2 1 :3 0 5 :3 
541 :3 6 <1 :3 1 2 :3 1 5 5 1 
542 :3 6 4 5 ., 2 0 4 8 14 .J.. 
579 :3 6 4 1 5 2 0 0 0 12 19 
580 :3 5 6 1 4 2 2 7 0 28 16 
581 4 5 1 2 6 :3 2 0 0 0 6 
512 1 2 5 4 6 :3 0 12 6 21 19 
513 :3 <3 1 2 6 4 0 7 0 5 4 
514 :3 4 1 5 2 6 0 2 1 0 4 
515 :3 6 1 2 5 4 2 13 0 20 14 
516 1 :3 6 2 5 4 2 5 3 7 5 
510 1 :3 S 2 5 4 14 12 17 18 15 
413 5 4 :3 6 2 .. 0 0 0 10 8 J.. 
·~::"4 5 4 :3 6 2 1 0 0 0 5 8 
415 :3 5 4 6 2 1 2 0 0 [3 7 
~16 5 4 :3 1 6 2 0 ~ 5 16 11 
41'7 6 5 3 4 1 2 2 :3 0 17 9 
41 6 :3 2 5 4 1 0 14 0 20 11 
AVERAGE 3.5 4.9 :3 .0 3.8 3.5 2.6 2. 4.4 1.5 0.3 10 .2 
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Length of t.hc~aw, in inches . 
K B II P IF rPl: K 
0 36 . 37. j9. 32. 36. 38. 
0 32 . 34 . 35. 37 . 38. 42. 
0 4C. 40 . 39. 36. 35. 40. 
0 33. 35 . 34. '2;:; '7.'7 34 . ... '"' . '-'L' 
2 37. 36 . 39. 30. 33 . 35. 
1 2'C. 34 . 38. 40. 40. 32. 
9 33. 33. 3'7. ",. 3l. 31- 30 . 
0 35. 35 . 38. 37. 37. 39. 
v 33. 36. 32. 35. 36. 36. 
'2; ':1;0 35 . 40. 34. 35. 40. oJ ,",w • 
C 36. 36 . 35. 35. 35. 37. 
8 33. 33. 34. 32. 33. 
... -
..,J. 
0 29. 30· 3 . 30. 29 . 32. 
0 29 . 33. 31- 3'" ,:,.. 32. 34. 
0 37. 35. 36. 34. 36. 38. 
0 36. 37. 34. "'1. 34. 38. 
1 38. 36. 37. 3l. 38. 38. 
0 38. 33. 38. 32. 32. 38. 
.3 37 . 2 36. 37.4 35.2 34.7 37.8 
I 
the nlQ. turin o' t' elan ts wer~ not inol uded in the 
'-' 
count . 
A conparison 0 t he yields of ~rain and ~tr w on 
an acre basis is shewn in t 0 following table . The 
yields are only such as mig it ~e oxpected in fairly 
vorable season , such as 1912 . 
Yields par acre calcula ed .;or 01 
Treatment Grain Stra 
Yield 
Bush . 
o 36 . 2 
N 42 . 2 
P 42 . 9 
K :5 . 4 
NP 50 . 6 
'PK 54 . 0 
The yields of 
Increaae 
Bush. 
6 .0 
6 . 7 
4.) . 2 
14. 
17 . 8 
Yield 
Ibs . 
4 , 600 
5 , 656 
4 , 720 
4 , 608 
7 ,128 
7 ,088 
rain obtai~e in t' e 
ble V. 
Tl • iJe 
1b • 
2 , 056 
120 
8 
2,528 
2 , 488 
ot , hen 
calculated on n acre bas s corres.ond very closely 
to the aver ge yiol s ctu lly ob~ained unde fiel 
conditions aQ reported in t' e Annu 1 Report 0 t e 
y. ori ental F r .s cf t e Do inion 0_ Can d for 
years 1895-1903 . 1 
1Bu:lotin 48 , Can 
The 
an 
ver ga riel of 12 v x ' at os 
xpe i .ent 1 Far , 1 04 . 
8 
of Barley for t is period were 58, 3 bushels at I ndian 
Head and 44 . 6 buohels at Agassiz . The3e yi elds are 
very similar to t~e yields on fertilizer plots at the 
inncsota Experiment Station2 here lot 4 of the 
standard rotation S'10WS a y i eld of 53 . 7 bushels i n 1898 
and 45 . 8 bushels i n 1902 . 
The y:i.eld of straw l ikewise i s unusually high, but 
field yields of a 6imil~r order arc not expe tiona1 as 
may be seen by consultino the Report o£' the FJ eri 1 ent 
FarLs3 for 1905 , where t e yield o~ straw reache~ 
maximum of 8 , 200 pounds per acr e . 
CHFMICAL COMPOSITION OF T"TF. SOIL . 
The nitrogen was determined by the Kjeldahl 
.. ethod and the )1109 horus by fusion vi t 80di UP..! car-
bonate (1912-13 ) or sodium peroxide (1913- 14) uaing 
2 Bulletin 109 , Minn . Agri. Ex oriruent Station, 1908. 
3pa:,se 329 , Experi ental Farm.:; Report , Ottawa , 1905 , 
Canadian Government Publicat ion . 
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,. 
the '.~olun·.etric modification . AI) de"!:.l3J'I'ijm~ tion8 \'Iere 
TM-lde i:r. duplicc't ',e :: nd the ppr~e:r. tage r~~orted i9 the 
ave rage 0:- tvvo IJ onco rdar t d :-I. ta . 
From e ,.w:'-~ ~lot bOWl a SUl':':ce saIT[)le me a sub-
soi l wer~ ana lyzea, but the .Jot exr-erirr.ei1t Ins carried 
out \.:Ising I'l. different (bllt Jrob .. bly very fin-iIar) a 
earq:,l.=; frorr tile S1)rfclCe and none from t e eu...-soil. 
}!P"t1CE' ill the dibcu8sion rei'erel.ce is made to Olll~' tr .. G 
::;:;.rf e.c e sDmpled . Wilile the proportion of nitrogen or 
phosfhorus in the 3ub- .. oil noes 1':'0 "- yary directly with 
tbat in the surface soil, when thene a .... e considered in-
cividually, it v.ill be EJeen from :rh.bl~s I. and III. tl1at 
where groups .'.lre cOl~pared the ropo('tions of tt1ese tvo 
eler:lent:3 i n the subsoil corre ' lo nd with those in the 
surface soil . This is :rr13Jl~ cl ear in t?le fol] owing sum-
mary . 
See Page 7. 
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1912-1~ 
Av. content of * the 3 highest 
It .. .. .. :5 1nterm. 
It 
" 
.. 
" 
3 lowest 
1913-14 
Av. content of the 3 highest 
" 
.. .. .. 3 interm. 
" 
.. .. 
" :5 lowest 
1912-1~ 
Av. content of the 3 highest 
" 
It 
" " 
:5 interm. 
" 
.. II 
" 
3 lowest 
1913-14 
Av. content of the 3 highest 
.. .. .. .. ~ interm • 
" 
.. II II :5 lowest 
in N. 
in li. 
in N. 
in li. 
.. .. 
" " 
in P 
.. " 
.. " 
in P 
" 
.. 
.. .. 
Nitrogen 
Sur~ace Subsoil 
Soil 
P.ot. 
.408 
.331 
.19 
P.ot. 
.183 
.162 
.102 
.404 .159 
.302 .139 
.191 .104 
Phosphorus 
Surface Subsoil 
Soil 
P.et. 
.091 
.077 
.066 
.088 
.084 
.071 
P.ot. 
.085 . 
.064 
.061 
.073 
.072 
.063 
It is eTiden t that the ranking of the groups on 
the basis of the composition of the subsoils corres-
ponds to ttat on the basis of the surtace soils. Eut 
as already pointed out the composition of the subsoils 
can beof little interest in the present study. 
*Tne '3" in this colunm refers to 3 groups and not 3 soils. 
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rhe maximum. minimum and mean content of nitrogen 
and phosphorus in the soils used in the two years are 
shown in the following table: 
1912-13 1913-14 
No. of soils 100. 189. 
Highest p.ct. II. found 0.530 0.590 
Lowest .. .. .. .. 0.070 0.088 
Av. .. .. .. 't, 0.314 0.304 
Highest p.ct. P found 0.124 o .1a> 
Lowest It .. It • 0.047 0.038 
Av. It It It .. 0.078 0.082 
It is to be seen that the soils used in the first 
year were very similar in composition to tho se 
used in the sec ond. 
The relations of the different groups to one 
another is shown in the next tabl e. only the surface 
soils being considered. The nitrogen shows the great-
est range. the group (one third of the soils) richest 
in this COl sti tuent containing 206 per cent in 1912-13, 
and 215 per cent in 1913-14, as much as the group (one 
third) lowest in this. The pho.sphoru8 content showed 
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a much narrower range, the third of the 80i1s of 1912-13 
highest in this oontaining only 138 per oent and that of 
tho se of 1913-14 140 percent as muoh as the third lowest 
in phosphorus., _ the range when the 80i1s were thus 
- compared in groups was nearly three times as great tor 
N as for P. 
It is of interest to observe that in general there 
was a distinot relation of the N oontent to the P oon-
tent. Thu8 in 1912-13 the group highest in N contained 
22 per oent more P than the corresponding group lowest 
in U while in 1913-14 it contained 26 per cent more. 
NITROGEN PHOSPHORUS 
1913 1912 1913 
1912-13 -14 -13 -14 
!. Grou~ed in order of N content~ P.ct. P.ct. P.et. P.ct. 
Av. composition of 3rd highest .408 .«>4 .087 .088 
II 
" " 
3rd intenn. .331 .302 .075 .oeo 
" " 
.. 3rd lowest .198 .193 .071 .071 
!. Grou~ed. in order o'f P content. 
Av. compos! tion o'f 3rd highest .329 .316 .091 .088 
.. 
" " 
3rd interm. .319 .32> .077 .OBO 
" 
II 
" 
3rd lowest .295 .276 .066 .071 
" " 
It all :5 groups .314 .304 .078 .0 eo 
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NITROGEN PHOSPHORUS 
11912 1913 1912 1913 
[. On basis of N content. -.13 -14 -13 -14 
-- . P. ct. E'.ct. P.ct. P.at 
Ratio of Ii in highest 3rd 10 that :in all 1.30 - I:33 r.r2 I:lf 
- -
.. 
-lowest 
-
.. .. 
" " 0.63 0.63 0.91 0.89 .. .. 
" "highest - .. .. 
-lowest third 2.06 2.09 1.22 1.24 
~. On baSis of P content. 
J ;. 
Ratio of P m highest 3rd to that mall 1.05 1.04 1.17 1.10 
.. • 111 -lowest .. .. " .. .. 0.94 0.91 0.85 \} • a'S 
- -
.. 
"highest " 
" " " lowest third .1.12 1.15 1.38 1.24 
THE YIELDS ON THE UNFERTILIZED SOILS. 
As a rule the untreated pot of each set gave a 
lower yield than any other bu t there are many ind1 v1dual 
exceptions. The early growth of the plants in these was 
Slower than that of those in the pots treated with fert-
ilizers; this slow growth was qui te marked unt il near 
the time of heading, when the straw lengthened out and 
the plants became among the tallest of all. (Table VI.) 
The tillers were few in number with an average, at the 
end, of one to each pot compared with an average of 10 
in the NPK pots. The yields of grain varied with the 
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phosphorus and ni trogen content of the soils, whieh in 
general vary alike, but the straw was the more affeoted 
by the variations in theni trogen content. 
When the individual soils are oompared there is 
found no regularity in the relation of the yields to 
either the N oontent, the P oontent, or the two together. 
This may be illustrated by comparing the data on the 
two soils, 476 and 444, both high in H and high in P 
with tmse on 542 and 515, both low in N and low in P. 
Soil 
No. 
476 
444 
542 
515 
Jritrogen 
P.ct. 
.504 
.501 
.158 
.126 
Phosphorus 
P.et. 
.092 
.093 
.070 
.072 
Yield of 
Dry matter. 
Grams. 
42.4 
39.3 
52.5 
55.0 
Wben very large groups of soils are oonsidered 
there 1s a definite relationship. In 1913-14 the 64 
soils high in Jr gave an average yield of 46.9 grams, the 
63 soils intermediate in N 41.0 grams and the 62 soi1e 
low in N gave 39.3 grams. The 65 of the same 189 oils 
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I 
I 
highest in P gave an average of 44.1 grams, the 63 inter-
mediate in P 44.4 grams, the 64 lowest in P 38.8 grams. 
In smaller groups the averages fail to show any such 
marked regularity. Yet even where the averages of 8 to 
36 soils are compared the influence of a very high N 
content upon the yield is to be observed, the influence 
of the P content being less marked. This relationship 
between divisions is evident from the follow.1ng: 
High P. Intermo P. Low P. All Soils 
Grams Grams Grams Grams 
Season 1912-13 
High N 8.7 7.3 6.2 801 
Interm. N. 8.3 6.9 6.7 7.1 
Low N. 3.4 706 7.3 6.9 
All Soils 6.8* 703't 6.7* 7.4 
~!9n 1913-14 
--
High N 46.1 44.3 45.7 45.9 
Intermo N. 41.5 43.8 37.8 41.1 
Low N 41.9 40 .3 38.3 39.5 
All Soils 43.2 42.6 40.6 42.2 
* In this and the following simi1 ar tables the mean of 
the higI1, intermediate and low is used. 
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In Table V. the data on the 24 soils of 1913-14 
show a similar relationship. 
In 1913-14. on both high-P and low-P soils, the 
yields on those low in N are equal to those intermediate 
in N. and. in general. all those divisions intermediate 
in P, while doing much better than tho Be low in P, do 
quite as well as those high in P. 
In the case of the 24 soils mentioned in Table V. 
the yields ot neither grain nor straw show any distinct 
relation to either the N content or the P content when 
oomparisons are made between the four groups of 6 soils, 
bu t when two groups of 12 are employed it is seen that 
the average yield of both grain and straw is higher in 
those with the highest N content while the 12 with the 
highest P content gave a higher yield of grain but not 
of straw than the remaining 12. Dry 
N Phose Grain Straw Matt.er 
P.ot. P.et. GraJI13 Grams Grams 
Av.of 6 soils highest in 'N .46'7 .083 00.0 2'7.9 4'7.9 
It 
" 
n 
" 
next " N .390 .082 19.5 33.2 52.? 
" 
.. 
" " " 
" N .334 .084 15.6 31.5 4'7.1 
It .. It 
" 
lowest " N .258 .0 '71 1'7.4 24.1 41.5 
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Dry 
N. Phose Grain Straw lhtter 
P.et. P.ct .• Grams Grams Grams 
Av.of 12 soils highest in N .429 .082 19.7 30 .6 50 .3 
" It 12 • lowest .. N .296 .078 16.5 27.8 44.3 
Av.of 6 soils highest in P .428 .101 21.0 28.5 49.5 
" " 6 " next 
It P .388 .091 17.7 28.7 46.4 
" " 6 It • " P .333 .081 17.7 29.8 47.5 
" " 6 " lowest " p .~O .073 16.1 28.7 44.8 
AV.of 12 
" 
highest It p .408 .096 19.4 28.6 48.0 
" 
tI 12 
" 
lowest • p .317 .077 16.9 29.3 46.2 
Thus, while in the case of individual soils 
neither the N content nor the P content nor the two to-
gether indicate whether a low or high yield will be ob-
tained in pot tests without fertilizers, we find that if 
the averages of very large nu~bers of soils of similar 
composition are in question the yields will in genera~ 
correspond to the chemical composition, soils high in 
both P and N yielding more than those markedly low in 
both of these constituents. 
THE YIELDS WITH NITROGEN FERTILI ~ • 
The application of nitrate caused a somewhat more 
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vigorous early growth, a darker oolor and greater 
breadth o~ leaves. In 1914 after the plants had been 
growing about 110 days some ~orty studen ts ~rom the 
College o~ Agrieul tu re o~ the Universi ty o~ MinneBO ta 
oarried out, under ~ supervision, a oount of the tillers 
and a ranking of the plants, o~ eaoh o~ the 189 sets of 
pots, according to height, width of Ieat' and diameter of 
culm. The nitrate-treated plants were taller than the 
un~ertilized and the potash-treated plants but shorter 
than the plants in the pots which reoei ved pho sphate, . 
either alone or in oombination. The leaves were broader 
and the Oulros stouter than those of the plants in the 
13, K and P-pots but not as broad as tlx>se in the NP and 
NPK-pots. The plants on these were the latest o~ all in 
reaChing maturity. The straw was shorter than that in 
the pots given no fertilizer or only phosphorus or pot-
assium. The nitrate induced inoreased tillering, these 
pots showing a final average o~ 4.4 tillers per pot com-
pared with one tiller on the unfertilized. 
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While in the case o~ a considerable number of in-
d1vidual sets the pot treated with nitrate gave a small-
er yield than the one untreated, when the plants were 
allowed to reach maturi ty there was in general a marked 
increase. In 1913-14 this increase is marked in each 
of the nine subdivisions, va~Ting from about 15 to 30 
per cent. In 1912-13 the percentage increase is much 
smaller, indicating that the full effect of this fert-
ilizer is to be obtained only by allowing the crop to 
grow much longer than was the case in that year. 
High P Interm.P. Low P. All S011s 
Grams Grams Grams 
Yields 1912-13 
High H 10.6 8.6 6.9 9.7 
Interm. N. 9.8 8.3 6.9 8.2 
Low H. 4.0 8.4 8.9 8.1 
All Soils 8.1 8.4 7.6 8.7 
Inorease 1912-13 
High N 1.9 1.3 0.7 1.6 
In term. N. 1.5 1.4 0.2 1.1 
Low N. 0.6 0.8 1.6 1.2 
All Soils 1.3 1.2 .8 1.3 
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High N 
Interm. N. 
Low N 
All Soils 
High N 
Interm. N. 
Low N. 
All Soils 
High P Interm.P. Low P. All Soils 
Grams Grams Grams 
53.5 
51.3 . 
52.7 
52.8 
'7.4 
9.7 
10.8 
9.3 
Yields 1913-14 
54.6 
52.9 
49.9 
52.5 
56.3 
50 .4 
51.7 
52.6 
Increase 1913-14 
10.3 
9.1 
9.6 
9.7 
10.6 
12.6 
13.4 
12.2 
54.2 
51.6 
51.4 
52.4 
9.'7 
10.5 
11.9 
10. '1 
The N content of the "soil appeared to exeroi se no 
distinot inf+uence upon the relative increase in total 
dry matter oaused by the fertilizer. The soils lowest 
in P, however, seemed in 1913-14 to Show a distinctly 
greater inorease under the influenoe of the nitrogen 
fertilizer _ an unexpected result~ - those highest in N 
as well as those lowest. The addi tion of the N fertil-
izer caused the low-P soils to yield practically the 
same as the high-P soils similarly treated. 
When the grain of the 24 sets (Table V.) is oon-
sidered it will be seen that under the influenoe of the 
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Photo NO . e - THE G IN FROM POT CULTURES SHOWHTG THE 
INCREASE FRO} THE DIFFERENT FERTILIZERS 
ON SOIL NO. 432 FROl WAVERLY; lUNNESOTA 
T~ NITROGEN SHOWS IN ALL CASES THE 
MOST MARKED EFFECT. 
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nitrate all the soil groups gave praotioally the same 
yields but the inorease is muoh mo~ marked in the oase 
of the soils lowest in ni trogert. Grain_ str w 
N.Yield Inor.Inor.~d In~.fnor. 
P:-ct.Grams G.rans P.ot. Glans GransGrams 
AV.of6 soi1shigl:est in N • 467 .""20.2 0:2 1.e 38.2 io .3 " 3r 
" "6 .. next " ·.~90 22.3 2.8 14.0 47.8 14.6 44 
" " 6" .. "".334 21.0 5.8 37.0 43.3 11.8 37 
" "6 • lowest .. ".258 22.2 4.8 28.0 37.1. ' 13.0 54 
Thus it appears that while the nitrate had as muoh 
effeot on the inorease of the straw on the high N soi18 
as on the low N it had a muoh greater effect on the 
inorease of grain on the latter. The final effeot of this 
fertilizer appears to be to produoe the same yields of both 
grain and straw on all the treated soils independent of 
their nitrogen oontent. The effeot upon the grain yield 
should be oonsidered in conneotion with the potassium fer-
tilizer experiments detailed below. 
~TBE~~Y;I;Et=~~S~YIItl-PHOSPHORUS FERTILIZER. 
The aoid phosphate oaused a very marked increase in 
the vigor of the early growth of the plants. This is well 
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illustrated by Photo. No.3. The effect of the phosphate 
is shown in the third (P) fourth (NP) and fifth (NPK) 
pots of eaoh set. At the time of detailed comparison 
mentioned above the plants were taller than those which 
had received no phosphate and in breadth of leaf and 
stoutness of culm surpassed those in the B- and K-pots, 
but were behind those which had received nitrate either 
alone or in combination. They matured from? to 10 days 
earlier than all the others except those in the K-pots 
and except for these had the longest straw. The influence 
of the phosphate upon the tillering was less than tlat of 
the nitrate, the average number of tillers on the 189 pots 
being only 1.5 compared with 4.4 on the N-fertilized and 
1.0 on the unfertilized pots. Comparing the pots of a 
Single series the yield on the fertilized pot will be 
found less than that on the unfertilized even more 
frequently than was the case in those treated with nit-
rate. However, when the averages of groups are compar-
ed the P-pots show an increase in all comparisons. In 
the case of the 1913-14 data where the state of maturit,y 
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was more advanc ed this inorease is more marked, but by 
no means to the same extent as with the N-pots. The 
effeot of the P upon the increase of dry matter is more 
marked in the early than in the later stages of growth 
of the plant. This is shown in Photo No. 3 where the 
pl~nts in the P-pots are as large as those in the NP-
and NPK-pots and very much larger than those in the N-
pots. Yet at full matur1 ty the yields of the former 
are far below those of a~ of the other three mentioned. 
The data from 1912-13 are especially interesting in this 
case. Here in every division the P-pots show a slightly 
greater inorease than theN-pots while in the 1913-14 
data the reverse is the case. The relative stages o~ 
matu~it.Y in the two oases are shown by photos No •• and 
5. 
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Influenoe of stage of maturi ty upon the relati ve 
effect of phosphate and nitrate fertilizers. 
Solls high :lnN,Hi~in P 
.. .. 
" .. interm. 
" • It 11 low in P 
Average 
in P 
1912-13 
Immature plants 
Excess in favor 
of phosphate. 
Grams 
2.1' 
0.'1 
1.1 
1.7 
S01ls Interm.in Nt high in P 0.4 
It 
" 
It 
It interm." • 0.4 
.. .. .. 
.. low " II 0.9 
Average 0.5 
Soila low in. N, high in P 0.2 
" " 
II " interm.in P. 1.0 
If 
" 
" .. low in P 0.3 
Average 0.6 
1913-14 
Hature plants. 
Excess in taver 
of nitrate. 
Grams 
4.8 
5.6 
7.8 
5.4 
3.8 
6.2 
8.5 
6.3 
8.2 
7.1 
11.0 
9.4 
The increase due to the phosphate in 1913-14 ranges 
from 5 to 15 per oent tor the different divisions. 
Neither the pho8phorus nor the nitrogen content of the 
soil appears to have exercised any influenoe on the in-
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crease induced by the phosphate. 
High P Interm. P. Low P. All Soils 
Grams Grams Grams Grams 
Yield 1912-13 
High N 12.'7 9.3 8.0 11.4 
Interm. N 10.2 8.'7 '7.8 8.'7 
LowN 4.2 9.4 9.2 8.'7 
All Soils 9.0 9.1 8.3 9.6 
Increase 1912-13 
High N 4.0 2.0 1.8 3.3 
Interm. N 1.9 1.8 1.1 1.6 
Low N 0.8 1.8 1.9 1.8 
All Soils 1.9 1.9 1.6 2.2 
Yield 1913-14 
High N 48.7 49.0 48.5 48.8 
Intem. N 4'7.5 46.7 41.9 45.3 
!.owN 44.5 42.8 40.7 42.0 
All Soils 46.9 46.2 43.7 45.1 
Increase 1913-14 
High N 2.6 4.7 2.8 3.3 
Interm. N. 5.9 2.9 4.1 4.2 
Low N. 2.6 2.5 2.4 
2.5 
All Soils 3.7 3.4 3.1 
3.3 
Consid e ring the grain from the 24 soils 
in 1913-14 
(Table V.) there is an increase in the case of almost 
every 80il. As w1 th the nitrate the re seems here also 
a slightly greater increase in the case of the low nit-
rogen soils. the yield on the fertilized pots being 
similar while those on the unfertilized were not. When 
the soils are arranged according to their phosphorus 
content the results are s1m11u. The yield of straw 
in the case of the 24 s011s shows no effect from the 
fertilizer. 
Grain.. at raw 
lTit. PiDs... Yield Iror. Jror. Yi!ld-ymr. In cr. 
Pet. na;. - Grs. Grs. Rct. Grs. Grs. P.ct. 
Av.d'6 oo11s h1gmst:in Ii .467 .083 22.9 2.9 
.. .... " next" •• 390 .082 22.9 3.4 
" "" .. " It 11 .334 .084 19.0 3.4 
It "" It It ft 11 .258 .070 21.4 4.0 
&of6soilshlghesth p.428 .101 23.7 2.'7 
" "" " next "P .388 .091 21.4 3.7 
" "" " " .. P .333 .081 21.2 3.5 
" "" "lowest" P.300 .073 19.9 3.8 
" " 24 .. .363 .OM) 21.6 2.8 
15 27.9 0.0 " 
17 32.6 0.6 2 
22 32.2 0.'7 2 
23 24.1 0.0 0 
13 29.8 1.3 4 
21 30.2 1.5 5 
20 31.7 1.9 6 
24 25.1 3.6 14 
19 1 
The average yield of grain on the 24 pots wi. th 
phosphate was 21.5 grams against 21.4 grams with nit-
rate. a grain of 3.4 and 3.3 grams respectively, while 
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that ot the straw was 29.5 and 41.6 gr s resp tively. 
g in or 0.7 sr¥i 12.8 grams. 
Thus th phosphate is seen to iBve exerted ae 
great an etfeet as the nitrate on the increase ot grain 
and practically none at all on the stra. Accordingly 
e must oonc1ude th t when nitrate and phosphat were 
added s par tely the latter 0 u an inore s in gr in 
and none in the straw whil the tor r inor sed til 
yl ld ot straw rk ly and the gr in only to th s 
d gree as the latt r. The tinal tt ot ot t pho-
phat se s to be to produoe uch the" e in re s J 
r than the e yi Id. tndep ent t co 
o ition ot th oil. 
In t oase of dditlon ot only pho" 
oh mioal an y e do not gly 1 
in e1t r dry tt r or 
That i to ay th e 1 tl llY 0 co 
the pot peri ents n 0 
dl tor a r aponae to r liz 
pp i on • 
t 
n 
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Fho t c 9 - TIm GRAIU FROM POTCUL TURES SHOWING THE 
INCREASE FROM THE DIFFERENT FERTILIZERS 
ON SOIL NO. 439 fROM BATHGATE , N. D. 
TFIS POT CULTURE SHOWS A MARKED GAur PlY 
THE USE OF ACID PHO~PHATE. 
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THE YIELDS WITH POTASSIUM FERTILIZER. 
Sulphate of potash oaused very little effect 
during the early stages of orop growth. Photos. No.3, 
4 and 5 make this apparent. The yields at the end of 
about 100 days growth in 1912-13 bring 'this out, the 
increases oaused by potassium sulphate being even less 
than tl1at induoed by the nitrate. In the case of the 
1913-14 wo rk. where the plants were allowed to reaoh 
full maturity~ only a very slight increase in total 
orop, in some divisions it being quite negligible, was 
to be observed. Unlike the plants in the N-pots they 
showed no rapid gain in the increase in total weight 
during the latter portion of the growing season. The 
average percentage gain in the orop was highest where 
it was not grown to maturity, giving 13.4 percent more 
than the unfertilized pot; while the orop grown to 
maturity gave only 3.8 percent increase in yield. 
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These results indioate that the potassium shows relative-
ly more gain in total weight when the orop is harvested 
before maturity than When it is left to mature. Here 
mu oh more frequently than with either the p- or the 
I-pots the yield was less on the fert ilized than on 
the oorresponding unfertilized so11. 
High P. Interm.P. Low P. All Soi18 
Grams Grams Grams Grams 
Yield 1912-13 
High N JO.O 8.0 7.1 
9.2 
Interm. N 9.1 8.2 6.5 
7.8 
Low N 3.2 8.1 8.5 
7.7 
All Soils 7.4 8.1 7.4 
8.2 
Inorease 1912- 13 
High If 1.3 0.7 0.9 
1.1 
Interm. N 0.8 1.3 -0.2 
0.7 
Low N -0.2 0.5 1.2 
O.a 
All So11s .8 .8 ,6 
.9 
109 
. ' .... 
Yield 1913-14 
} 
High P. Interm.P. Low P. AllSoils 
Grams Grams Grams Grams 
High N 45 .. 5 45.1 47.9 45.e 
Interm. 11 43.0 44.0 39.9 42.5 
Low II 43.2 41.4 40.2 41.1 
All Soils 44.5 45.2 42.7 43.8 
Increase 1913-14 
High N .6 0.8 2.2 0.1 
Interm. 11 2.2 0.2 2.1 1.4 
Lowll 1.3 1.1 1.9 1.6 
All Soils 1.0 .7 2.1 1.0 
At the end of 110 days in 1913-14 the height, 
breadth of leaf and stoutness of culm were found less 
affected than by al\Y other fertilizer, the infl uenoe 
on each · being very slight. Contrar,y to expectation 
the plants in general matured earliest, earlier even 
than those reoeiving acid phosphate only, and the 
straw was stronger, longer and stiffer than with any 
other treatment. The tillering was found undfected, 
the average number being 0.8 against 1.0 on the un-
fertilized ..,11s. The increase in yield of total dry 
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matter does not seem associated with either a high 
or a low nitrogen or phosphorus content, although 
the division high in both Nand P shoTls a smaller 
increase than the division low in both. 
The average yield of grain on the 24 pots was 
19. 7 grams, a gain of 1.5 grams, compared with 3.4 
and 3.3 from phosphate and nitrate, respectively. 
The average yield of straw on the same pots was 28.8 
grams, just the same as on the unfertilized ones. 
GRAIN STRAW 
-
Yield Incr. Incr. Yield Iocr. !nor. 
Gre. Grs. P.ct. GrB. Grs. P.ot. 
Av.ofS soils highest inN 19.4 
• "" • next ". 19.9 
" ."" • • • 19.1 
• ." " lowest ". 20.3 
.. 3 
2 
22 
17 
28.8 
32.2 
26.6 
26.5 
3 
-3 
-16 
8 
• 
• 24 • 19.7 1.5 
9 28.8 0.0 o 
The effect on the yield of grain is slight on 
the 80ils highest in nitrogen but distinct on those 
lower. This may pos si bly be due to a greater amount ot 
potash Ii berated in the former whe re the co ntent ot 
III 
organic matter also is higher. 
As bo th the ni tra te and the potash fertilizer 
are able to exert a distinot effect upon the yield of 
grain in the low nitrogen soils and little or no 
effeot on the high ni trogen soils it appears qui te 
probable that the action of sodium nitrate may be re-
sol ved into that of its nitro gen which increases the 
yield of straw only and that of its sodium which lib-
erates potassium from the soil and increases the yield 
of grain in 10 N soils. The potassium fertilizer 
exerts no distinc t effect upon the yield of s'traw t the 
increase in total dry matter evidently being du e en-
tirely to the increase in the wieght of grain. It is 
very evident that in trials of potash on cereals the 
determination of the yield of grain is most important. 
As only a very tew determinations of the pot-
assium in the so ils were made we have no basis for a 
oomparison of these with the results of the pot ex-
periments wi th sulphate ot potash. 
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Photo 10 _ THE GRAIN FROM A POTCULTURE SHOWING THE 
INCREASE FROM THE DIF]'EREUT FERTILIZERS 
ON A SOIL FROM ST . JOIU~t N. D. No. 435. 
THIS POTCULTURE SHOWS A SLIGHT GAIN FROM 
THE USE OF POTASSIUM FERTILIZER. 
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It 1s of interest to observe that it was the 
low-N soils, and accordingly those of coarse texture , 
which showed the chief respons~ to the potassium fer-
t l lizer - which is fully in accord with the results 
of European field experiments. 
THE YIELDS WITH A FERTILIZER CONTAINING 
BOTH NITROGEN AND PHOSPHORUS 
The effec ts of bo~h ferti li zers were to be 
recognized, including the early rapid growth due to · 
the phosphorus (Photos Nos. 3, 4 and 5). At the time 
of the examination of the pots by the college studen~ 
already referred to the the plants were tall er, the 
leaves broaqer and the culms stouter than in any of 
the other pots except those receiving the complete 
tertilizer. The influence on tillering was marked, 
the average number on the 189 pots being 9.~an in-
orease ot 8.3 over the unfertilized, oompared with O. 5 
due to the ph~sphate alone and 3.4 to. the ni trate 
alone. Thus, the inorease in the number ot tillers 
llb 
was more than 100 per cent greater than was to have 
been eXpected from the effect of the two individual 
fertilizers. The plants matured later, being exceed-
ed in length of growing-season only by the plants 
fertilized with nitrate only and at that time having 
shorter straw than any except those wi th the complete 
fertilizer. As the growing season was prolonged to a 
greater extent in the N-pots than it was shortened in 
the P-pots the effect of the two upon the "earliness" 
appears to be simply the mean of the effects of the 
individual fertilizers when used separately. The 
effect upon the length of the straW' bears a similar 
relation, the plants in the N-pots being shorter than, 
and tho se in the P-pots similar to, tho se in the check 
pots. The shortening of the straw shown in the NP-poUJ 
was accordingly to be expected. 
The effect upon the yield of dry matter is in most 
cases very marked. Thi sis well illustrated by the 
fact that ,among the 189 sets in 191~14 on only five 
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(406, 527, 528, 539 and 602) did tm fertilizer fail 
to show a di Btinct benefit. Accordingly even every 
small di vi si on shows a marked i~c rease. The to tal 
increase in dr,y matter in 1913-14 was much greater 
on account of the longer period of growth but the 
proportionate inorease was much the same in 1912-13, 
indioating that this fertilizer mixture has the same· 
relati ve effect upon the produo ti on of pltm t me. teria1 
. in the early as in the later period of the barley '.B 
growth. 
High P. Interm.P. Low P. All Soi18 
Grans Grams Grams GraD 
Yields 1912-13 
High N' 16.2 11.8 9.8 14.4 
Interm. IT 14.4 10.2 10.1 11.0 
Low If 6.1 10.2 12.0 10.6 
All Soils 12.2 10.7 10.6 12. 
Increase 1912-13 
High :N 7.5 4.5 3.6 
6.3 
Interm. E' 6.1 3.3 3.4 
3.9 
Low N 2.7 2.6 4.7 
3.7 
All Soils 5.4 3.5 3.9 
4.6 
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High N 
Interm. N 
Low N 
All Soils 
High N 
Interm. N 
Low N 
All Soils 
High P 
Grams 
66.8 
63.5 
53.5 
61.3 
20.'7 
21.9 
11.6 
1'7.8 
Interm.P. Low P. All Soils 
Grams Grams Grams 
Y .:;.,:;..i e;,:1::.;;d:.,.;:s:..-19l3 -14 
- I 
60.5 
63.8 
60.7 
63.9 
63.9 
59.8 
57.3 
57.8 
Inorease 1913=l! 
! 16.2 
a:> .0 
20 .4 
18.9 
18.2 
22.0 
19.0 
19.7 
64.3 
62.3 
57.6 
61'.7 
18.8 
21.2 
18.1 
19.4 
The phosphorus content of the soils appeared to 
exert no influenoe upon either the yield or the in-
orease of dry matter. Their ni tro gen content seems 
not to affect the increase, wi t1'1 the result that the 
high N 
soils gave wi th thi s fertilizer the highest 
yields of dry matter. 
Conclusions as to the effeot upon the grain and 
straw separately have to be based upon the data from 
the 24 so i1s reported in Table V. The yield of grain 
was 25.3 end of st~aw 45.6 grams compared wi th 18.1 
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and 28.8 grams on the unfertili zed so i1s. The in-
crease due to the fert1lizet is considerably greater 
in the case of the straw tl:an in that of grain, viz. 
54 per cent against 46 for nitrate alone and 3 for 
phosphorus alone, while on the grain it is 40 against 
about 18 fo r ni trate alone and 19 for phosphate alone. 
The combined effec t of the two fertilizers 1 s, accord-
ingly, not distinctly greater on the increase of 
either straw or grain than was to be expected from 
the eff ec ts 0 f the two used separately . 
GRAUl STRAW 
Yield me r. Incr. Yield Ina Inlr. 
Grams Grs . P . et. Grams Grs. P.et. 
Av. of6 soils highest inll 25 . 8 5 . 8 29 48 . 0 20.1 
'12 
.. 
" 27 . 4 '1 . 9 40 46 . 3 13. 1 39 .. 
" 
.. 
" 
next 
tI 
" " 
tI tI .. .. 23. 6 8 . 0 51 43 .0 11 . 5 37 
" " " 
.. lowest " " 24 . 5 7.1 41 40 . 8 
16 . 7 69 
" 
If 24 • 25 . 3 '1 . 2 40 
44.5 15 . 3 54 
Av.of6 soils highest inP 26 . 8 5 . 8 28 
48 . 2 19 . '1 69 
" 
It 
" 
.. next If " 25 . 4 7. 7 42 
43 . 3 14 . 6 51 
" 
.. 
.. " • .. " 
26. 1 8 . 4 47 44 . 4 14. 6 49 
tI 
" 
II .. lowest tI " 23 .1 6 . 9 42 
42 . 1 13. 4 47 
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Tb! N-conten t of the Boil shows no di stinct e~:rect 
upon the relative inorease in yields caused by the 
~erti11 zer but the higher yield of straw on the 
high -N soils is shown even here. 
There is a marked lack of accord between the fer-
tilizer response indio ated by the ohemical analy 1s 
aDd that shown by the pot experiments. Thu s in the 
1913-14 data it will be seen that the average in-
orease in dry matter is 20.7 grams on the 36 soil 
highest in both B' and P compared wi th 19.' grams on 
the 34 soils 10 est in both and P. Th average 
yields, however, are 66 . 8 and 57 . 3 gr s respectively, 
thus making the increase 45 and 51 per cent. Thus, 
whatever factors may havo caused the 10 er yi ld o~ 
the low-N. 10 -P soils appear to con t1 nue equally 
operative even after the addition of fertillz r. 
It the chemical analyses indicat d in accord 1 t th 
pot tests the low-N, low-P soils ehould hay sh 
a distinctly greater effect ir 
did the high- ,high-P olls 
the fertilizer th n 
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Photo No . 11 - THE GRAIN FROM A POTCULTURF SHOWPTG 
AN INCREASE FRO TI~ DIFFEREBT FER-
TILIZERS ON SOIL NO. 444 FROM 
GLASSTOlT . N. D. TiIIS POTCUL':'TmE IS 
A TYPICAL EXAJ,'!J?LE OF TEE INCREASE 
SHOWN BY THE USE OF N A~TD P AND ALSO 
BY A COMPLETE FERTILI ZEn. 
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THE YIELDS WITH THE COJIPLEI.'E FERTILIZER 4 
The appearance of the plants in the N'PK-pote 
did not differ markedly at any per iod of their growth 
from tho se in the EP-pots- Any time after they were 
two months old, however, a detailed examination would 
show that they were slightly more thrifty. Thus in 
the examination at the end of about 110 days it was 
found that they were on the average taller, wider in 
leaf, stouter in oulm and bore more tillers than any 
of the o the r plants. All of these effec ts were to be 
expected from tm individual action of the three fer-
t-or instanoe ti11zers as shown by N, P and K pots- ~ 
the average number of tillers finally persisting was 
10.2 against 9.3 :in the NF. 4.4 in the N, 1.5 in the P, 
0.8 in the K and 1.0 in the ~ (check) pots. The effect 
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of the combined fertilizers exceeded in this case 
the sum of their individual effects when applied sep-
arately. 
The plants matured earlier than those in the 
NP-pots, evidently due to the action of potassium -
a rather unexpected outcome. The plants were short-
est of all at maturi ty. The yields of dr:r matter in 
both years were the highest of all, sligh tly higher 
than those on the NP-pots. The increase due to the 
potassium is more marked in the second year. This is 
shown in the last portion of the following table. By 
comparing this wi th the last portion of the table 
dealing wi th the effect of the n1 trate it w111 be 
seen th.at the effect of the potash upon the increase 
. 
in dry matter when applied along wi th ni trate and 
phosphate is distinctly greater tban when applied 
alone. 
.-
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High P Intem.P. Low P. All Soils 
GratIS Grams Grams Grams 
Yields 1912-13 
High Ii 16.1 14.9 9.4 14.4 
Interm. N 13.6 10.5 10.6 11.0 
Low N 5.8 11.8 12.8 10.6 
All S011s 12.2 1~.4 10.8 12. 
Inorease 1913-13 
High N 7.4 7.6 3.2 6.3 
Interm. N 5.3 3.6 3.9 4.0 
Low N 2.4 4.2 5.5 4.7 
All Soils 5. 5.1 4.2 5. 
Yields 1913-14 
High N 65.8 65.4 65.4 65.6 
Interm. N 66.5 65.6 63.2 64.3 
Low N 65.2 62.6 59.9 61.6 
All S011s 65.8 · 64.5 62.8 63.8 
Inc rease 1913-14 
High N 19.7 21.1 19.7 20.1 
Interm. N 23.9 21.8 25.4 23.2 
Low N 23.3 22.3 21.6 22.1 
All Soils 22.3 21.7 22.2 21.8 
Excess of Inorease over that wi th N and P only, . . 
High Ii -1.0 4.9 1.5 1.3 
Interm. N 2.0 1.8 3.4 2.0 
Low N 11.7 1.9 2.6 4.0 
All Soi~s 4.1 2.9 2.5 
2.4 
The phosphate content exerts no distinct in-
fluence upon either the final yield or the increase 
of the dry matter. The n1 trogen con tent however, 
here as elsewhere affects the yield. Also the effect 
of the potash fertilizer appears possibly a little 
more benet"ic ia1 on the ro i1 s lo,vest in ni trogen. 
The influence of the potash, when added to the 
nitrate and phosphate, is, on the whole, distinctly 
favorable upon the yield of grain but without effect 
upon that of the straw. The data from the 24 soils 
of 1913-14 are presented below in the form of a com-
parison with those from the NP treatment. 
Inorease in yield caused by adding potash to soils 
alreadY treated with phosphate and nitrate. 
GRAIli STRA.! 
Increase Increase 
GraD';.8 P.ct. Grams. P.ct. 
Av. of 6 soils highest in N 3.9 19 -5.5 -20 
It .. It It next " 
It 1.9 lO 6.0 18 
It It 
" 
.. 
" " 
It 
-0,.9 
- 6 1.0 3 
It 
" • • lovest " " 1.7 10 0.8 3 
Av. of 24 soils 1.6 8 0.6 1 
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Grain Straw 
IncreaSe Increase 
G'tams P.ct. Grams P.et. 
Av. of 6 soils highest in P -1.6 -6. -6.4 -11. 
" " " 
II next .. " 4.1 13. 1.3 
3 • 
.. 
" 
II 
" " " " 
-2.3 -11- • 6 2 • 
.. 
" " " 
lowest " " 3.5 15.2 
3.9 9. 
" " 
24 " 1.'7 
6.7 -1.2 .4 
As in the latter the effect on the straw is en-
tirely negligible, while the grain shows an average 
increase of 8 against 9 percent wi th the NP fertil-
izer. However, when both P and N fertilizers are e~ 
ployed at the same time the effect of the potash does 
not seem at all related to the nitrogen content of the 
soil. This may be explained on the assumption that 
the sodium of the sodium nitrate in the NP-pots re-
leases sufficient potash from the soil to prevent the 
potash fertilizer, when added to this, from showing 
the cbaracteristic effect on the 10w*n soils tlRt it 
does when used alone. 
As in the case of the data from the K-pots the re is 
here no opportuni~ to compare the indications of pot-
assium response with that indicated by chemical 
analysis. 
The excess in yield of dry matter with the com-
plete fertilizer over each of the other fertilizers 
was as follows: 
N 
p 
lIP 
It 
Soils high Soils Inter-
in N mediate in N 
Grs. Gram!. 
11.4 
16.8 
1.3 
20.0 
12.'7 
• 19.0 
2.0 
21.8 
SUMMAR'{ AND CONCIl1SIONS. 
Soils low 
in II 
Grs. 
-
1. 100 80il samples in 1912-13 and 189 in 
1913-14 were analyzed tor ni trogen and phosphorus ani 
pot tests made with each, using nitrogen, phosphorus 
and potassium fertilizers, both alone, all three in 
combination, and also ni trogen and phosphorus to-
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gether. In the first year oats, wheat and barley 
were used as test plants, the crops being harvested 
and weighed before they formed seed, but in the 
second year barley only was employed and the plants 
were allowed to ripen before being harvested. In the 
case of 24 sets of these latter the grain and straw 
were separated and weighed. while wi th the other 165 
sets only the c omblned welght of straw and grain from 
each pot was determined. 
2. The nl trogen and phosphorus bo th showed 
a wide range. The group of solls (one-third of all) 
highest ln ni trogen averaged over 100 per oent more 
of this element and over 20 per oent more phosphorus 
than the group (one-third) lowest ln ni trogen. The 
range in phosphorus was in general muoh less, the 
group riohest 1n thi s element averaging only abou t 
40 per oent more than the group poorest in it. The 
groups of soil relaM.vely rioh or poor in ni trogen are 
also richer or poorer ln ~hosphoruS. 
3. In the case of the unfertilized soils when 
individual soils are compared the yields show no 
relation to the content of ei ther N or P or the two 
together, but when. veIy large gro ups are compared 
definite relationships are discernible. !he group 
• highest in N gave heavier yields of beth grain and 
straw than the group lowest in N, while the group 
highest in P gave a heavier yield of grain, btl t not 
of straw, than the group lowest in P. 
4. All the fertilizer tr6atments resulted, in 
general, in an increase in yield, the effect of the 
nitrogen being to increase both grain and straw, of 
the potassium to increase the grain only an d of the 
phosphorus to increase the grain distinctly and the 
straw but little, if any. In the case of various in-
dividual sets of pots one of the fertilized pots 
might be found to gi ve a lower yield than the un-
fertilized. This was especially oommon in the case 
of those receiving only potassium or phosphorus 
" 
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fertilizer. When the yields of total dry matter are 
compared it is found that in all the subdivisions, 
on the basis of composition, the N P K fertilizer 
cau sed the greatest increase, the NP th e next. N the 
next and. K the least. 
5. The relation of the increase in yield in-
due ad by a fertilizer to the compo sit ion of the soil 
has been carefully examined. Both the ni trate alone 
and the potash salt alone caused a greater increase 
in grain on the low-N than on the high-N soilS. but 
when used in combination with phosphate this relation 
to the N-content of the soil was not to be observed. 
With all the fertilizers the increase in straw seemed 
independent of the composition of the soil. The 
phosphorus content of the soil seems to not infiuence 
the increase caused by a pho~hate either alone or in 
combination with nitrate and a potash salt. 
6. A comparison of the data from the two season's 
work makes it evident that mUC h more satisfaotory re-
sults are to be obtained by allowing the plants to 
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reach full maturi ty and then weighing the grain and 
straw separately. The relative effeot of the phos-
phorus fertilizer both alone or in combination was 
much more marked in the early than in the later 
stages of growth, while that of the ni trate is the 
opposi te. 
7. The yields obtained in the pots. correspond, 
when calculated to an acre basis, to those actually 
obtained under field conditions. ~ 
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